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P  E  E  F  A  C  E . 


The  object  of  this  Manual  is  to  provide  the  teacher  and 
student  of  Dyeing  with  a  useful  text-book  giving  exact 
scientific  and  practical  information.  It  is  intended  also 
to  supply  the  Dyer  with  explanations  of  the  scientific 
principles  involved  in  the  operations  of  his  art,  in  order 
that  he  may  take  a  more  intelligent  interest  in  his  work, 
and  be  stimulated  to  criticise  it,  and  to  determine,  by 
means  of  well-devised  experiments,  whether  his  methods 
are  rational  and  incapable  of  improvement,  or  the 
reverse. 

Certain  details  have  been  furnished  relatinsr  to  the 
mode  of  applying  the  various  Colouring  Matters  and 
Mordants,  but  these  must  not  be  regarded  as  fixed  and 
unchangeable  receipts,  but  rather  as  starting-points  for 
further  experimental  work. 

The  Art  of  Dyeing  being  a  special  branch  of  Chemical 
Technology,  no  apology  is  offered  for  leavening  the  work 
with  a  wholesome  amount  of  chemistry.  The  Dyer  is 
Specially  urged  to  make  himself  acquainted  with  the 
general  principles  of  chemical  science,  for  assuredly  the 
more  such  knowledge  is  brought  to  bear  upon  every 
detail  of  the  art,  the  more  rapid  will  be  its  progress. 

It  seemed  necessaiy  to  give  the  somewhat  complex 
chemical  symbols  and  scientific  names  of  the  Coal-Tar 
colours  in  order  to  identify  them,  since,  in  the  course  of 
time,  many  of  the  present  commercial  names  may  be  re- 
placed by  others,  or  applied  to  colouring  matters  not  yet 
introduced.  The  advanced  student  will  find  them  useful, 
for  they  show  at  a  glance    the    chemical    relationships 
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existing  between  colours  which  possess  similar  dyeing 
properties. 

The  metric  system  of  weights  and  measures  has  been 
adopted  because  of  its  advantages  both  to  the  teacher 
and  the  student  of  Dyeing,  and  it  is  now  becoming  more 
and  more  generally  known  and  appreciated.  For  those 
who  prefer  the  English  system,  however,  tables  of  equiva- 
lents are  given  at  the  end  of  the  volume. 

Considerable  care  has  been  bestowed  upon  the 
arrangement  of  the  subject  matter,  to  prevent,  on  the  one 
hand,  confusion  arising  in  the  mind  of  the  reader  as  to 
which  fibre  is  being  referred  to  in  any  given  connection, 
and,  on  the  other,  to  enable  comparisons  to  be  readily 
made  of  the  treatment  to  which  each  fibre — cotton,  wool, 
or  silk — is  submitted  when  applying  any  given  colouring 
matter  or  mordant. 

To  my  old  and  valued  friend.  Prof.  L.  Liechti,  of 
"Vienna,  I  tender  my  best  thanks  for  his  friendly  criti- 
cisms during  the  progress  of  the  work,  and  his  kind 
assistance  in  the  revision  of  the  proofs. 

My  obligations  are  also  due  to  those  Colour-Manu- 
facturers and  Engineers  whose  names  are  mentioned  in 
the  text,  and  also  to  the  proprietors  of  the  Textile  Manu- 
facturer, for  the  loan  of  a  complete  set  of  their  well- 
known  journal. 

All  the  principal  English  and  foreign  standard  works 
and  journals  on  dyeing  have  been  consulted,  and  the 
information  has,  as  far  as  possible,  been  brought  down 
to  the  latest  date. 

J.  J.  H. 

Yorkshire  College,  Leeds. 
October,  1885. 
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CHAPTER   I. 

COTTON. 

1.  The  Cotton-Plant. — Cotton  is  the  white,  downy, 
fibrous  substance  which  envelopes  the  seeds  of  yarious 
species  of  the  cotton- 
plant,  Gossypmm,  be- 
longing to  the  natural 
order  Malvacece.  The 
seeds,  to  which  the  cot- 
ton fibres  are  attached, 
are  enclosed  in  a  3- 
to  5-valved  capsule^ 
which  bursts  when 
ripe;  the  cotton  is 
then  collected  and 
spread  out  to  dry. 
The  seeds  are  after- 
wards separated  by 
the  mechanical  opera- 
tion termed  "  gin- 
ning," and  the  raw 
cotton  thus  obtained 
is  sent  to  the  spinner. 
The  cotton-plant  (Fig. 
1)  is  cultivated  with 
There  are  numerous  varieties 
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Cotton  Plant. 


success    only   in   warm   climates. 
,  of  which  the  following  are 
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(1)  Gossypium  harhadeiise. — An  lierbaceous  plant, 
beai-ing  a  yellow  flower,  and  attaining  a  height  of 
4—5  metres. 

A  Tariety  of  this  species  yields  the  Sea  Island 
cotton,  mnch  prized  on  account  of  the  great  strength, 
length,  and  lustre  of  its  fibres.  It  is  grown  in  the 
North  American  States  of  South  Carolina,  Georgia,  and 
Florida,  and  on  the  neighbouring  islands  of  the  West 
Indies. 

(2)  Gossypium  hirsutuin.  —  A  hairy,  herbaceous 
plant,  about  2  metres  high,  with  pale  yellow  or  almost 
white  flowers.  It  is  grown  in  the  States  of  Alabama, 
Louisiana,  Texas,  and  Mississippi. 

(3)  Gossypium  herbaceum.  —  A  small  herbaceous 
plant,  1  metre  high,  and  bearing  yellow  flowers.  Varieties 
of  this  species  are  grown  in  India,  China,  Egypt,  and 
America. 

The  Madras,  Surat,  and  short-stapled  Egyptian 
cotton,  also  some  American  cottons,  are  obtained  from 
this  species. 

(4)  Gossypium  peruvianuni. — This  species,  a  native 
of  South  America,  grows  to  a  height  of  3-5  metres,  and 
bears  a  yellow  flower.  It  yields  the  long-stapled  and 
much  esteemed  Peruvian  and  Brazilian  cottons. 

(5)  Gossypium  religiosum. — This  is  a  low  annual 
shrub,  about  1  metre  high,  and  bearing  a  yellow  flower. 
It  is  grown  in  China  and  India,  and  yields  the  so-called 
Nankin  cotton,  remarkable  for  its  tawny  colour. 

(6)  Gossypium  arhoreum. — This  is  a  perennial  tree, 
growing  to  a  height  of  6-7  metres,  and  bearing  reddish- 
purj:»le  flowers.  It  is  a  native  of  India,  and  produces 
a  good  quality  of  cotton. 

2.  Physical  Structure. — If  cotton  wool  is  examined 
under  the  microscsope,  it  is  seen  to  consist  of  minute 
fibres.  Their  general  appearance  is  that  of  spirally- 
twisted  bands,  having  thickened  borders  and  iiTegular 
markings  on  the  surface  (Fig.  2).  In  the  better  qualities 
of  cotton — e.g..  Sea  Island — the  spiral  character  is  less 
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prominent.  Transverse  sections  of  the  fibres  show  them 
to  be  flattened  tubes,  ha\dng  comparatively  thick  walls 
and  a  small  central  opening 
(Fig.  3). 

A  single  cotton  fibre  is^  in- 
deed, an  elongated,  tapering,  and 
collapsed  plant-cell,  the  thin  end 
of  which  is  closed,  and  the  other 
(namely,  that  by  which  it  was 
attached  to  the  seed)  irregularly 
torn.  Sometimes  broad  ribbon- 
like fibres  may  be  noticed,  which 
are  remarkably  transparent,  and 
possess  irregular  folds.  Their 
transverse   section   exhibits  no 

central  opening  at  all  (Fig.  4).  They  are,  indeed, 
unripe  fibres,  in  which  no  separation  of  the  thin  cell 
walls  has  yet  taken   place.      They   refuse   to   be   dyed 


Fig.  2. — Appearance  of  Cotton 
uuder  the  Microscope. 


Fig.  3. — Transverse  Sections  of  Cotton  Fibre. 


like  ordinary  ripe  fibres,  and  appear  occasionally  as 
white  specks  in  indigo-  and  madder -dyed  calicoes ; 
hence  the  name  dead  cotton  has  been  given  to  them.  In 
half-ripe  cotton  fibres  the  cell   walls  are  still  so  closely 


n^^^^ 


Fig.  4.— Transverse  Sections  of  Unripe  Cotton  Fibre. 

pressed  together  that  the  ultimate  central  canal  is  indi- 
cated in  a  transverse  section  only  by  a  fine  line.  When 
steeped  in  water,  however,  such  fibres  gradually  swell  up 
and  form  hollow  tubes.  Cotton  fibres  vary  in  length 
from  2-5  to  6  centimetres,  and  in  breadth  from  O'OIT  to 
0-05  millimetres. 
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The  spiral  character  of  the  fibre  makes  it  possible  to 
spin  exceedingly  fine  yam,  and  also  accounts  for  the 
elastic  character  of  calico  as  compared  with  linen,  the 
fibres  of  which  are  stiff  and  straight  The  microscopic 
appearance  of  cotton  serves  to  distinguish  it  from  other 
vegetable  and  animal  fibres. 

3.  Chemical  Composition. — The  substance  of  the 
cotton  fibre  is  «illed  Cellulose.  This  is  almost 
nniversal  in  vegetable  cells,  forming  the  so-called  lig- 
neous matter  or  woody  fibre  of  plants,  but  whereas 
in  woody  fibie  tihe  cellulose  is  encrusted  with  a  large 
proportion  of  foreign  matter — such  as  dried- up  sap, 
resin,  <fca, — ia  the  cotton  fibre  it  is  in  a  tolerably  pure 
condition.  The  impurities  present  amount  to  about  5 
per  cent.,  this  being  the  loss  sustained  by  raw  cotton 
when  submitted  to  the  process  of  bleaching,  the  main 
object,  indeed,  of  which  is  the  total  removal  of  these 
impurities.  The  principal  bleaching  operation  consists 
in  boiling  the  cotton  with  a  solution  of  sodium  car- 
bonate or  hydrate.  From  the  dark  brown  solution 
thus  obtained,  adds  throw  down  a  Toluminous  light 
brown  precipitate,  which,  when  washed  and  dried, 
amounts  only  to  about  0-5  per  cent,  of  the  weight  of 
cotton  employed.  This  precipitate  is  found  to  consist  of 
the  following  organic  substances  : — Pectic  acid,  brown 
colouring  matter,  cotton  wax,  fatty  acids  (margaric  acid), 
and  albuminous  matter.  Pectic  acid  exists  in  the  largest 
proportion,  and  it  is  not  improbable  that  the  4  5  per  cent. 
loss  by  bleaching  still  unaccounted  for,  represents  certain 
pectic  matters,  modified  and  rendered  soluble  by  the  action 
of  alkalis,  but  not  precipitated  by  acids. 

In  addition  to  the  above-mentioned  impurities  of  the 
cell  wall,  the  raw  cotton  fibre  seems  to  be  covered  with 
an  exceedingly  delicate  membrane,  or  cuticle,  which  is 
not  ceUulose.  11  cotton,  when  under  microscopical  obser- 
vation^ be  moistened  with  an  ammoniacal  solution  of 
cupric  hydrate,  the  fibre  swells  up  under  its  influence, 
whereas  the   cuticle  is   unaffected   and   shows  itself  as 
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band-like  strictures  or  rings  of  various  breadths.  If  a  drop 
of  sulphuric  acid  be  then  added,  the  cellulose  separates 
out  as  a  gelatinous  mass,  which,  on  adding  a  drop  of 
iodine  solution,  becomes  coloured  blue,  whereas  the  cuticle 
is  coloured  yellow.  By  moving  the  cover-glass  aside  a 
little,  the  cuticle  rings  are  seen  to  be  in  the  form  of 
tubes,  possessing  apparently  a  spiral  structure.  Some 
observers  state  that  during  the  bleaching  process  this 
cuticle  is  removed,  while  others  say  this  is  not  the  case. 
The  average  moisture  in  raw  cotton  is  about  8  per  cent.,  so 
that,  reckoning  the  5  per  cent,  impurities  already  alluded 
to,  one  may  consider  that  raw  cotton  contains  87  per 
cent,  of  pure  dry  cellulose. 

When  submitted  to  chemical  analysis,  cellulose  is 
found  to  be  composed  of  carbon,  hydrogen,  and  oxygen, 
the  formula  assigned  to  it  being  CgHioO^.  It  is  closely 
allied  in  composition  to  starchy  dextrin,  and  glucose^  and 
is  classed  along  with  them  as  a  carbo-hydrate.  It  is 
colourless,  possesses  neither  taste  nor  smell,  and  has  a 
density  of  about  1'5.  If  heated  above  130°  C.  it  becomes 
brown,  and  begins  to  decompose.  In  contact  with  air 
it  burns  without  emitting  any  very  strong  odour,  a 
fact  which  may  sometimes  serve  to  distinguish  it  from 
wool  and  silk.  It  is  quite  insoluble  in  the  ordinary 
solvents,  water,  alcohol,  ether,  &c.,  but,  as  already  in- 
dicated, it  dissolves  in  an  ammoniacal  solution  of  cupric 
hydrate ;  from  this  it  is  precipitated  by  acids  as  a  gela- 
tinous mass,  which,  when  washed  with  alcohol,  forms  an 
amorphous  white  powder. 

Action  of  various  Agencies  on  Cotton. 

4.  Action  of  Mildew. — Owing  to  its  comparative 
freedom  from  impurity,  cotton  may  be  stored  for  a  long 
period  without  undergoing  any  change,  more  especially  if 
it  is  bleached  and  kept  dry.  When,  however,  it  is  con- 
taminated with  added  foreign  organic  matter,  such  as 
starch,  gum,  (tc.  (e.g.,  in  "  finished "  calicoes),  and  then 
exposed  to  a  moist,   warm  atmosphere,  it  is  vevy  liable 
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srradTially  to  become  tender  or  rotten.  This  is  owing  to 
the  growth  of  vegetable  organisms  of  a  very  low  order, 
gemeially  called  "■  mildew."  These  fungi  feed  upon  the 
starchy  matters  present,  inducing  their  decomposition, 
and  after  some  little  time  the  cotton  fibres  themselves 
are  attacked.  The  simultaneous  production  of  crenic, 
humic,  ulmic,  and  other  organic  acids  may  possibly  assist 
somewhat  in  the  tendering  process. 

5.  Action  of  Frost. — It  has  been  supposed  by  some 
that  wet  calico  is  tendered  when  it  is  frozen.  Although 
the  evidence  on  this  point  is  conflicting,  it  is  quite 
conceivable  that  the  crystallisation  might  act  injuriously 
in  a  mechanical  way,  and  that  the  atmospheric  ozone 
mi^ht  also  exercise  some  slisrht  destructive  influence. 
The  jjopirJar  notion  probably  arises  from  the  fact  that  in 
their  rigid  state  the  cotton  fibres  are  readily  broken.  A 
"similar  friable  condition  is  obtained  by  excessive  stifiening 
with  starch  or  gumu 

6.  Action  of  Acids. — Cold  dilute  mineral  acids  have 
little  or  no  action,  but  if  allowed  to  dry  upon  the  cotton 
they  gradually  become  sufficiently  concentrated  to  corrode 
and  tender  the  fibre.  The  physical  structure  of  the  fibre 
is  not  afiected,  but  the  chemical  composition  of  the  dis- 
intesrated  fibre  seems  to  be  somewhat  altered  :  it  con- 
tains  more  oxygen  and  hydrogen.  The  same  corrosive 
action  soon  takes  place  if  cotton  impregnated  with  such 
acids  is  heated.  The  process  of  "  extracting "  or  "  car- 
bonisiiig"  woollen  rags  containiDg  cotton  (i.e.,  destroying 
and  removing  the  cotton),  by  means  of  sulphuric  or 
hydiX)dhloric  acid,  is  founded  on  this  fact. 

The  action  of  strong  acids  varies  considerably  accord- 
ing to  the  nature,  concentration,  and  temperature  of  the 
acid;  as  well  as  the  duration  of  its  contact  with  the 
fibre. 

Very  concentrated  sulphuric  acid  causes  cotton  to 
swell  up,  and  form  a  gelatinous  mass,  from  which,  on 
the  addition  of  water,  a  starch-like  substance  termed 
Amyloid   may    be  precipitated.      A  solution   of  iodine 
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colours  this  amyloid  blue.  Vegetable  parchment  is 
paper  (cellulose)  superjficially  changed  into  amyloid  by 
a  short  steeping  in  strong  sulphuric  acid  140°  Tw. 
(Sp.  Gr.  1-7),  then  washing  and  drying.  An  increased 
affinity  for  basic  coal-tar  colouring  matters  is  said  to  be 
imparted  to  cotton  by  this  treatment,  even  when  the  acid 
is  diluted  to  84°  Tw.  (Sp.  Gr.  1-42),  although  its  physical 
aspect  then  remains  unchanged.  Cotton  completely  dis- 
organised by  acid,  and  obtained  as  a  fine  powder,  seems  to 
contain  one  molecule  of  water  more  than  ordinary  cellu- 
lose, and  the  substance  thus  produced  has  been  termed 
Hydro-cellulose. 

If  the  concentrated  sulphuric  acid  is  allowed  to  act 
for  a  longer  time,  the  cotton  dissolves  with  the  formation 
of  a  difierent  substance  of  a  gummy  nature^  called 
Dextrin  (C^iHioO^) ;  when  the  solution  is  diluted  with 
water  and  boiled  for  some  time,  this  dextrin  is  further 
changed  into  Glucose  (CgHisOc). 

If  cotton  be  heated  with  strong  nitric  acid  it  is  entirely 
decomposed,  producing  oxalic  acid  and  an  oxidised  cellulose 
solub]  e  in  alkalis.  By  the  action  of  cold  concentrated  nitric 
acid,  or,  better  still,  a  mixtui-e  of  strong  nitric  and  sulphuric 
acids,  cellulose  is  changed  into  so-called  Nitro-cellulose. 
The  physical  structure  of  the  cotton  remains  the  same, 
although  increased  in  weight  by  more  than  5  per  cent., 
but  its  chemical  composition  and  properties  are  very  much 
altered,  certain  elements  of  the  nitric  acid  having  re- 
placed a  greater  or  less  proportion  of  the  hydrogen  of 
the  cellulose.  The  most  highly  nitrated  compound  is 
Pyroxylin,  or  Gun-cotton  (CioRuCNO^JqO^q),  produced  by 
the  short  action  of  a  very  concentrated  mixture  of  acids; 
it  is  very  explosive,  and  insoluble  in  alcohol  and  ether. 
The  less  nitrated  product^  obtained  by  the  longer  action 
of  more  dilute  acids,  forms  the  so-called  Soluble  Pyroxy- 
lin, Its  solution  in  a  mixture  of  ether  and  alcohol  con- 
stitutes Collodion,  which  on  evaporation  leaves  the 
pyroxylin  as  a  thin,  transparent,  horny  film,  insoluble  in 
water.     It  was  long  ago  noticed  by  Kuhlmann  that  gun- 
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ootton  had  an  increased  affimty  for  colouring  matters,  but 
no  practical  use  lias  been  made  of  the  fact. 

Strong  hydroddoric  and  phosphoric  acids  behave 
towards  cotton  like  sulphuiic  acid,  but  their  action  is 
less  energetic  Although  the  ultimate  product  of  the 
action  of  hydrochloric  acid  or  cotton  is  the  same  as  that 
given  by  sulphuric  acid,  there  is  never  any  intermediate 
formation  of  amyloid. 

Solutions  of  tartaric,  citric,  and  oxalic  acids  have  no 
detractive  action  on  cotton  if  it  is  simjjly  steeped  in 
the  liquid ;  bnt  if  cotton  saturated  vrith  a  solution  con- 
taining 2  per  cent  of  any  of  the  above  acids  is  dried  and 
heated  for  an  hour  to  100°  C, it  becomes  slightly  tendered. 
With  4  per  cent,  solutions  the  destructive  action  is  very 
decided  at  100°  C,  and  perceptible  even  at  80°  C. 
Oxalic  acid  has  the  most  injurious  efiect  in  this  respect. 
If  the  acid  solutions  are  thickened  with  gum  or  starch, 
and  if  steaming  be  substituted  for  a  dry  heat,  the  cor- 
rosive action  in  each  case  is  less  marked,  so  that  in  the 
ardinary  practice  of  the  calico-printerj  who  frequently 
uses  steam-colours  containing  4  i^er  cent,  or  more  of  the 
aboTe  acids,  there  is  little  to  fear.  Still,  it  is  well  to  bear 
in  mind  that  even  organic  acids  cannot  under  all  cir- 
cumstances be  applied  to  cotton  with  impunity. 

Acetic  acid  may  be  considered  as  having  no  perceptible 
action  on  cotton. 

7.  Action  of  Alkalis. — Weak  solutions  of  caustic 
potash  or  sodOf  when  used  cold,  have,  under  ordinary  cir- 
cnmstanees,  no  action  on  cotton,  although  long-continued 
and  intermittent  steeping  and  exposure  to  air  tender 
the  fibre.  Cotton  may  even  be  boiled  for  sevei-al  hours 
with  weak  caustic  alkalis,  if  care  be  taken  that  it  remains 
steeped  below  the  surfexje  of  the  solution  during  the  whole 
operation,  but  otherwise  it  is  very  liable  to  become  rotten, 
especially  if  the  exposed  portions  are  at  the  same  time 
under  the  influence  of  steam.  Such  exposure  is  to  be 
guarded  against  during  cert.ain  of  the  operations  in  bleach- 
ing cotton  fabrics  The  tendering  action  is  probably  due  to 
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oxidation.  It  is  worthy  of  note  tliat  the  disorganised 
fibre  (oxy-cellulose)  possesses  an  increased  attraction  for 
basic  coal-tar  colouring  matters. 

In  the  case  of  raw  cotton,  the  action  of  boiling  with 
weak  caustic  alkalis  is  simply  to  remove  those  natural 
impurities  already  referred  to,  which  cause  it  to  be 
water-repellent,  and  therefore  difficult  to  wet  by  mere 
steeping  in  cold  water. 

The  action  of  strong  solutions  of  caustic  potash  or 
soda  is  very  remarkable.  If  a  piece  of  calico  is  steeped 
for  a  few  minutes  in  a  solution  of  caustic  soda,  marking 
about  50°  Tw.  (Sp.  Gr.  1-25),  it  assumes  quite  a 
gelatnious  and  translucent  appearance ;  when  taken  out 
and  washed  free  from  alkali,  it  is  found  to  have 
shrunk  considerably,  and  become  inuch  closer  in  texture. 
If  a  single  fibre  of  the  calico  thus  treated  be  ex- 
amined under  the  microscope,  it  is  seen  to  have  lost  all  its 
original  characteristic  appearance  ;  it  has  no  superficial 
markings,  and  is  no  longer  flat  and  spirally  twisted,  but 
seems  now  to  be  thick,  straight,  and  transparent.  A  trans- 
verse section  shows  it  to  be  cylindrical,  while  the  cell 
walls  have  considerably  thickened,  and  the  central  open- 
ing is  diminished  to  a  mere  point  (Fig.  5).      Many  years 

©/^^  /5?^?^'x.  y'mytK  y^^  ^o^  ^  Lancashire 
[^  J  P^^  /d^n  f  m\  calico  -  printer, 
LX     V^->'    ^^^^^     \2J     Jolin        Mercer, 

Fig.  5.— Transverse  Sections  of  Cotton  Fibre  after      tliscovered      that 
Treatment  with  Caustic  Soda.  Calico  treated   in 

the  above  man- 
ner was  not  only  stronger  than  before,  but  had  also 
acquired  an  increased  attraction  for  colouring  matters. 
Hoping  to  apply  the  process  with  advantage  prepara- 
tory to  dyeing,  he  patented  it.  Cotton  thus  treated 
IS  said  to  be  Mercerised.  When  dyed  in  the  indigo- 
vat,  mercerised  calico  requires  only  one  dip  to  produce 
as  deep  a  shade  of  blue  as  can  be  obtained  on  ordi- 
nary calico  only  after  five  or  six  dips.  Again,  if  a  piece 
of  ordinary  and  a  piece  of  mercerised    calico  be    dyed 
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alizarin  red,  making  all  other  conditions  (e.g.,  time,  tem- 
perature, quantity  of  Alizarin,  &c.)  the  same  in  both 
cases^  the  mercerised  cloth  will  be  found  to  have  a  much 
fuller  and  richer  colour  than  the  other.  Similar  differ- 
ences in  depth  of  shade  are  noticed  with  other  colours. 
The  process,  however,  has  never  been  adopted  in  general 
practice,  since  the  excessive  contraction  which  the  cloth 
undergoes,  amounting  as  it  does  to  one-fifteenth  in  length 
and  in  breadth,  and  the  fact  that  in  most  cases  the  same 
result  can  be  obtained  in  other  ways,  did  not  seem  to 
warrant  the  expense. 

Caustic  ammonia  in  aqueous  solution,  whether 
strong  or  weak,  has  under  all  circumstances  no  action 
on  cotton.  Dry  cotton  is  said  to  absorb  one  hundred 
and  fifteen  times  its  bulk  of  ammonia  gas.  Solutions 
of  the  carbonates  of  j^otash,  soda  or  ammonia,  silicate 
of  soda,  borax,  and  soap,  have  practically  no  action 
on  cotton.  There  is  a  case  on  record,  however,  in 
which  calico  impregnated  with  silicate  of  soda,  and 
shipped  from  England  to  South  Africa,  was  found,  after 
having  been  packed  in  bales  for  two  years,  to  have 
become  tender.  Examination  showed  that  the  silicate 
of  soda  had  decomposed  with  formation  of  silicic  acid  and 
carbonate  of  soda,  and  it  was  concluded  that  the  tender- 
ing was  due  partly  to  the  long-continued  action  of  the 
carbonate  of  soda  on  the  cotton,  and  partly  to  disruption 
of  the  fibres  by  the  expansive  force  of  the  crystallisation 
of  the  carbonate  of  soda  formed  within  them.  The  ex- 
planation is  not  altogether  satisfactory^  since  it  was  found 
impossible  to  produce  the  same  effects  artificially.  Pro- 
bably it  was  a  case  of  oxidation  of  the  fibre.  Whatever 
may  have  been  the  real  cause,  it  is  well  to  bear  in  mind  that 
under  exceptional  conditions  like  those  mentioned,  even 
apparently  harmless  salts  may  tender  the  cotton  fibre. 

8.  Action  of  Lime. — Milk  of  lime,  even  at  a  boiling 
heat,  has  little  or  no  action  upon  cotton  so  long  as  the 
latter  is  steeped  below  the  surface  of  the  liquid,  but  if  it 
is  at   the  same   time  exposed  to  the   action  of  air  or 
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steam,  it  becomes  much  tendered  by  oxidation  of  the 
fibre.  Such  exposure  must  be  avoided  in  cotton- 
bleaching. 

9.  Action  of  Chlorine  and  Hypochlorites  on  Cotton. 
— Cotton  is  quickly  tendered  if  exposed  to  moist  chlorine 
gas,  especially  in  strong  sunlight.  The  action  may  be  due 
partly  to  the  direct  action  of  chlorine  upon  the  fibre,  one 
portion  combining  with  and  another  replacing  some  of  its 
hydrogen,  partly  to  the  destructive  action  of  thehydrochloric 
acid  thus  produced,  and  partly  to  oxidation.  Solutions  of 
hy2:)Ochlorites  (bleaching-powder,  &c.)  tender  cotton  more 
or  less  readily,  according  to  the  strength  and  temperature 
of  the  solutions  and  the  duration  of  their  action.  Even  a 
very  weak  solution  of  bleaching-powder  will  tender  cotton 
if  the  latter  be  boiled  with  it;  but  when  used  cold,  even  if 
it  be  at  the  same  time  exposed  to  the  air,  the  destructive 
action  is  inapjDreciable,  and  confined  merely  to  bleaching 
tlie  natural  colouring  matter  of  the  cotton.  If  a  piece  of 
calico  is  moistened  wdth  a  solution  of  bleaching-powder 
at  5°  Tw.  (Sp.  Gr.  1*025),  then  exposed  to  the  air  for 
about  an  hour,  and  Avashed,  it  w^ill  be  found  to  have 
acquired  an  attraction  for  basic  coal-tar  colouring  matters 
similar  to  that  possessed  by  the  animal  fibres.  Cotton 
thus  treated  also  decomposes  directly  the  normal  salts  of 
aluminium,  iron,  &c.,  attracting  metalKc  oxide.  Experi- 
ment has  shown  that  this  remarkable  change  is  due  to 
the  action  of  the  hypochlorous  acid  liberated  by  the  car- 
bonic acid  of  the  air.  The  cotton  thereby  becomes  chem- 
ically changed  to  what  has  been  called  by  Witz,  its 
discoverer,  Oxy-cellulose. 

10.  Action  of  Metallic  Salts. — Under  ordinary  cir- 
cumstances, solutions  of  neutral  salts  have  no  action  on 
cotton ;  even  those  of  acid  salts  have  no  appreciable  effect 
if  the  cotton  be  merely  steeped  in  them  while  cold; 
but  if  boiled  with  them  the  effect  is  similar  to  that  of  the 
free  acids,  though  slightly  less  marked.  If  cotton  is 
impregnated  with  solutions  of  the  salts  of  the  earths  and 
heavy  metals,  then  dried,  and  heated  or  steamed,  the  salts 
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are  readily  decomposed ;  a  basic  salt  is  precipitated  on 
the  fibre,  and  the  liberated  acid  afiects  the  fibre  ac- 
cording to  the  nature  and  strength  of  the  salt  solution 
employed. 

The  use  of  aluminium  chloride,  which  was  at  one  time 
recommended  for  the  pui-pose  of  destroying  the  cotton  in 
rags  containing  cotton  and  wool  ("  extracting '"),  also  the 
application  of  the  "  topical '''  or  '•'  steam  colours,"  and  the 
*•'  mordanting  *'  process  employed  by  the  calico-pi'inter, 
are  all  based  upon  the  above  facts. 

11.  Action  of  Colouring  Matters. — With  few  excep- 
tions, colouring  mattei^  are  not  directly  atti^cted  from 
their  solutions  by  the  cotton  fibre,  hence  it  is  not  readily 
dyed,  and  special  means  of  prepai-ing  it  to  receive  the 
dyes  have  to  be  adopted  in  most  cases  (mordanting). 
The  reason  of  this  inert  character  of  cotton  is  not  yet 
satisfactorily  explained  ;  probably  both  its  chemical  and 
physical  structure  have  an  influence  in  the  matter. 


CHAPTER    11. 

FLAX,    JTTE.    AND    CHDTA   GRASS. 

12.  Flax-plant. — The  term  '•'  flax  "  is  employed  to 
designate  the  flax  or  linen  fibre  and  cilso  the  plant  fi'om 
which  it  is  obtained.  Linen  fibre  consists  of  the  bast 
cells  of  certain  species  of  the  genus  Linum,  more  par- 
ticularly Z{72?/«i  usiiatissimum  (Fig.  6),  a  plant  belonging 
to  the  natural  order  Liimc^oe,  and  cultivated  in  nearlv  all 
parts  of  Eui'ope. 

It  is  an  herbaceous  plant,  having  a  thin,  spindle- 
shaped  root,  a  stem  usually  branched  at  the  top,  smooth 
lanceolate  leaves,  and  bright  blue  flowers. 

The  time  of  sowing  varies  in  diflerent  countries  from 
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February  to  April,  consequently  the  time  of  harvest  also 
varies,  and  may  be  from  June  to  September. 

If  the  object  of  the  farmer  is  to  obtain  good  fibre,  and 
not  seed  for  re-sowing,  the  plant  is  gathered  before  it  is 

fully  matured  — 
namely,  when  the 
lower  portion  of  the 
stem  (about  two- 
thirds  of  the  whole) 
has  become  yellow, 
and  the  seed  cap- 
sules are  just  chang- 
ing from  green  to 
brown.  At  this 
stage  the  plants  are 
carefully  pulled  up. 
If  the  plants  are 
left  in  the  ground 
till  the  whole 
stem  is  yellow — 
i.e.,  till  the  plant 
is  fully  ripe — the 
fibre  afterwards  ob- 
tained will  be  more 
stiff  and  coarse. 

The  freshly- 
pulled  flax  is  at 
once  submitted  to 
the  process  of  "rip- 
pling," which  has 
for  its  object  the  removal  of  the  seed  capsules.  This 
operation  is  performed  by  hand,  by  drawing  successive 
bundles  of  flax-straw  through  the  upright  prongs  of  large, 
fixed  iron  combs,  or  "  ripples."  If  the  pulled  flax  has 
been  dried  and  stored,  the  remo^'al  of  the  seeds  is  usually 
effected  by  the  seeding-machine,  which  consists  essen- 
tially of  a  pair  of  iron  rollers,  between  which  the  flax- 
straw  is  passed. 


Fig.  6.— Flax  plant,  a;  flower,  b;  fruit,  c. 
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13.  Retting.  —  The  most  important  operation  in 
separating  the  fibre  is  that  of  "retting,"  the  object 
of  which  is  to  decompose  and  render  soluble  by  means 
of  fermentation,  as  well  as  to  remove,  certain  adhesive 
substances  which  bind  the  bast  fibres  not  only  to  each 
other,  but  also  to  the  central  woody  portion  of  the  stem, 
technically  termed  the  "  shive,"  "  shore,"  or  "  boon." 

The  various  modes  of  retting  may  be  classified  as 
follows : — 

(1)  Cold-water  retting.  This  may  be  carried  out 
either  with  running  or  with  stagnant  water. 

(2)  Dew  retting. 

(3)  Warm-water  retting. 

Cold-water  letting. — The  best  system  of  retting  in 
running  water  is  said  to  be  practised  in  the  neighbour- 
hood of  Courtrai,  in  Belgium,  where  the  water  of  the 
sluggish  river  Lys  is  available.  The  bundles  of  flax 
straw  are  packed  vertically  in  large  wooden  crates  lined 
with  straw.  Straw  and  boards  are  afterwards  placed  on  the 
top,  and  the  crate  thus  charged  is  anchored  in  the  stream 
and  weighted  with  stones,  so  that  it  is  submerged  a  few 
inches  below  the  surface.  In  a  few  days  fermentation 
begins,  and  as  it  proceeds  additional  weight  must  be 
added  from  time  to  time,  in  order  to  prevent  the  rising 
of  the  crates  through  the  evolution  of  gas.  As  a  rule, 
after  steeping  for  a  short  period,  the  flax  is  removed  from 
the  crates,  and  set  up  in  hollow  sheaves  to  dry;  it  is  then 
repacked  in  the  crates,  and  again  steeped  until  the  retting 
is  complete.  According  to  the  temperature,  quality  of 
flax,  &c.,  the  duration  of  the  steeping  may  be  from  ten  to 
twenty  days.  The  end  of  the  process  must  be  accurately 
determined  by  occasionally  examining  the  appearance  of 
the  stems,  and  applying  certain  tests.  The  flax  bundles 
should  feel  soft^  and  the  stems  should  be  covered  with  a 
greenish  slime^  easily  removed  bypassing  them  between  the 
finger  and  thumb ;  when  bent  over  the  forefinger  the 
central  woody  portion  should  spring  up  readily  from  the 
fibrous  sheath.    If  a  portion  of  the  fibre  is  separated  from 
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the  stem  and  suddenly  stretched,  it  should  draw  asundei 
■s\ith  a  soft,  not  a  sharp,  sound. 

When  the  retting  is  complete,  the  flax  is  carefully 
removed  from  the  crates  and  set  up  in  sheaves  to  dry. 

Retting  in  stagnant  vxiter  is  the  method  usually 
adopted  in  Ireland  and  Russia.  The  flax  in  this  case  is 
steeped  in  ponds,  situated  near  a  river  if  possible,  and 
provided  with  suitable  arrangements  for  admitting  and 
runnincj  off  the  water. 

This  mode  of  retting  is  more  expeditious  than  when 
running  water  is  employed,  because  the  organic  matters 
retained  in  the  water  very  materially  assist  the  fer- 
mentation ;  there  is,  however,  always  a  danger  of  "  over- 
retting,"  that  is,  the  fermentation  may  become  too 
energetic,  in  which  case  the  fibre  itself  is  attacked  and 
more  or  less  weakened.  This  danger  is  minimised 
by  occasionally  changing  the  water  during  the  steeping 
process.  The  quality  of  the  water  employed  in  retting 
is  of  considerable  importance ;  pure  soft  water  is  the 
best,  calcareous  water  being  altogether  unsuitable. 

The  waste  flax  water,  being  strongly  impregnated 
with  decomposing  organic  matter,  poisons  the  streams 
into  which  it  may  run,  and  destroys  the  fish ;  but  it 
possesses  considerable  value  as  a  liquid  manure. 

After  retting  in  stagnant  water,  the  flax  is  drained, 
then  thinly  spread  on  a  field ;  it  is  left  there  for  a  week 
or  more,  and  occasionally  turned  over.  This  j^rocess  is 
termed  "spreading,"  or  "grassing."  Its  object  is  not 
merely  to  dry  the  flax,  but  to  allow  the  joint  action  of 
dew,  rain,  air,  and  sunlight  to  complete  finally  the  destruc- 
tion and  removal  of  the  adhesive  substances  already 
alluded  to.  After  a  few  days'  exposure  the  stems  begin 
to  "  bow,"  the  fibrous  sheath  separates  more  or  less  from 
the  woody  centre,  and  the  latter  becomes  friable. 

Dew  retting  simply  consists  in  spreading  the  flax 
on  the  field  and  exposing  it  to  the  action  of  the 
weather  for  six  or  eight  weeks,  without  any  previous 
steeping.     Damp  weather  is  the  most  suitable  for  this 
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metliod,  since  all  fermentation  ceases  if  the  flax  becomes 
diy.  Dew  retting  is  practised  largely  in  Russia  and  in 
some  parts  of  Germany. 

Warm-ioater  retting  was  a  system  recommended  in 
1847  by  R.  B,  ScLenck.  It  consists  in  steeping  the  closely 
packed  flax  bundles  in  covered  wooden  vats,  filled  with 
water  heated  to  25^ — 35^  C.  By  this  means  the  fer- 
mentation is  much  accelerated,  and  the  operation  is 
completed  in  two  or  three  days ;  the  process  seems,  how- 
ever, to  have  met  with  only  Kmited  success. 

Of  chemical  retting  processes,  that  recommended  by 
R.  Baur  may  be  mentioned.  It  consists  in  first  squeezing 
the  fresh  or  dried  flax  straw  between  rollers,  and  then 
steeping  it  in  water  till  the  latter  ceases  to  be  coloured 
yellow.  It  is  next  drained  and  steeped  for  one  or  two 
days  in  dilute  hydi'ochloiic  acid  (3  kilos,  concentrated 
HOI  per  100  kilos,  flax),  until  the  bast  fibres  can  be 
readily  separated.  The  acid  Liquid  is  then  run  off*,  and 
the  flax  is  well  washed  with  shghtly  alkaline  water,  or 
such  as  contains  a  little  chalk.  A  fuither  treatment 
with  dilute  bleaching  powder  solution  to  dissolve  away 
still  adhering  woody  matter,  and  a  final  washing, 
complete  the  process.  A  well-retted  flax  is  said  to  be 
thus  obtained  in  the  course  of  a  few  days  only. 

14.  Chemistry  of  Retting. — Expeiiments  by  Kolb  in- 
dicate that  the  adhesive  matter  which  cements  the  flax 
fibres  together  is  essentially  a  substance  called  pectose. 
During  the  retting  process  the  fermentation  decomposes 
this  insoluble  i>ectose,  and  transforms  it  into  soluble 
pecfiJie,  and  insoluble  jyecfic  acid.  The  former  is  washed 
away,  the  latter  remains  attached  to  the  fibre. 

15.  Breaking. — The  next  operation  is  to  remove  the 
woody  centre  from  the  retted  and  dried  flax,  after 
which  the  fibres  must  be  separated  from  each  other.  It 
is  rather  beyond  the  province  of  this  manual  to  give 
more  than  a  genei'al  account  of  the  nature  of  the  various 
mechanical  operations  for  eflecting  this.  They  comprise 
"breaking,"  "scutching,"  and  "hackling." 
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The  first  operation  aims  at  breaking  up  the  brittle 
woody  centre  of  the  flax  into  small  pieces,  by  threshing 
it  with  an  indented  wooden  mallet,  or  by  crimping  it  with 
a  many-bladed  "  braque."  The  operation  is  now  exten- 
sively done  by  machinery,  the  flax  being  passed  through 
a  series  of  fluted  rollers. 

16.  Scutching. — In  this  process  handfuls  of  the  flax 
are  beaten  with  a  broad  wooden  scutching-blade ;  the 
particles  of  woody  matter  adhering  to  the  fibres  are 
thus  detached ;  and  the  bast  is  partially  separated  into 
its  constituent  fibres.  Scutching  is  also  performed  by 
machinery.  The  waste  fibre  obtained  is  called  '^  scutching 
tow,"  or  "codilla." 

17.  Hackling. — The  subsequent  Hackling,  or  Heck- 
ling,  has  for  its  object  a  still  further  separation  of  the 
fibres  into  their  finest  filaments,  by  combing.  When 
done  by  hand,  a  bundle  of  flax  is  drawn,  first  one  end 
and  then  the  other,  through  a  succession  of  fixed  upright 
iron  combs  or  "  hackles  "  of  difl'erent  degrees  of  fineness, 
beginning  with  the  coarsest.  When  machinery  is  used, 
the  flax  is  held  aoainst  hackles  fixed  on  movinst  belts  or 
bars  or  on  the  circumference  of  revolving  cylinders.  The 
product  of  the  operation  is  twofold,  namely,  "line"  and 
"  tow " ;  the  former  consists  of  the  long  and  more 
valuable  fibres,  the  latter  of  those  which  are  short  and 
more  or  less  tangled. 

18.  Flax- Line. — The  appearance  of  flax-line  is  that 
of  long,  fine,  soft,  lustrous  fibres,  varying  in  colour  from 
the  yellowish-buff*  of  the  Belgian  product  to  the  dark 
greenish-grey  of  Russian  flax.  This  difference  in  colour 
is  chiefly  owing  to  the  system  of  retting  adopted. 

Flax  retted  in  running  water  has  a  more  or  less  pale 
yellowish-buff"  colour,  while  that  retted  in  stagnant 
water  possesses  a  greyish  colour,  probably  because  of 
the  presence  of  the  decomposing  organic  matter  in  the 
water. 

19.  Physical  Structure  and  Properties. — Examined 
under  the  microscope,  a  single  flax  fibre  appears  (Fig.  7) 
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as  a  long,  straight,  transpai*ent  tube,  often  striated 
longitudinally  j  it  possesses  thick  walls,  and  an  exces- 
sivelv  minute  central  canal. 

At  in-egular  intervals  it  is  slightly  distended,  and  at 
these  points  faint  transverse  markings  may  be  detected. 
When  examined  with  high  powers,  they  seem  to  consist 
of  a  succession  of  very  minute  fissiu'es,  and,  according  to 
Vetillart,  are  simply  breaks,  or  wrinkles,  produced  by  a 
bending  of  the  fibre,  and  not  cell  divisions,  or  nodes,  as 
frequently  stated.  Fibres  which  have  been  vigorously 
rubbed  between  the  fijigei*s,  or 
have  l^een  subjected  to  the 
lenorthened  disinteca*atincr  action 
of  alkalis,  exhibit  well-marked 
longitudinal  fissures,  and  the 
broken  end  of  a  well-worn  fibre 
presents  the  aspect  of  a  bundle 
of  fibrils.  These  appearances 
evidently  indicate  that  the  cell 
wall  of  the  linen  fibre  possesses 
a  fibrous  structure. 

The    a^"erage    lens^h    of    a 
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Flax  Fibre  under  the 
Microscope. 
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In  transvei^e  section,  the  linen  fibre  shows  a  more  or 
less  rounded  polygonal  contovu'. 

The  chief  physical  characteristics  of  the  linen  fibre, 
when  freed  from  all  enci-usting  material,  are  its  sno'^y 
whiteness,  silky  lustre,  and  great  tenacity.  This  last  feature 
is  no  doubt  owing  to  its  fibrous  texture  as  well  as  to  the 
thickness  of  the  cell  walls.  Its  straight,  even,  prismatic, 
and  transparent  character  accounts  largely  for  the  lustre. 

Linen  is  hygrometric  to  about  the  same  degree  as 
cotton,  and  contains,  when  air-diy,  about  3  per  cent,  of 
moisture.  It  is,  however,  a  much  better  conductor  of 
heat,  and  therefore  feels  colder  than  cotto3i.  It  is  also 
less  pliant  and  less  elastic. 
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20.  Chemical  Composition. — Treated  with  sulphuric 
acid  and  iodine  solution,  the  thick  cell  wall  is  coloured 
blue,  while  the  secondary  deposits,  immediately  enclosing 
the  central  canal,  acqmre  a  yellow  colour.  The  linen 
fibre  consists  therefore  essentially  of  cellulose,  but  in 
its  raw  unbleached  state  it  is  mixed  with  about 
15—30  per  cent,  of  foreign  substances,  chief  among 
which  is  pectic  acid.  Fatty  matter,  to  the  extent  of 
about  5  per  cent.,  colouring  matter,  and  other  substances 
not  investigated^  are  also  present. 

Action  of  various  Agencies  on  Flax. 

20* — Being  cellulose,  the  action  of  various  chemical 
agents  on  pure  linen  fibre  is  much  the  same  as  on  cotton, 
but  generally  speaking,  linen  is  more  susceptible  to 
disintegration,  especially  under  the  influence  of  caustic 
alkalis,  calcium  hydrate,  and  strong  oxidising  agents,  e.g., 
chlorine,  hypochlorites,  &c. 

As  to  the  action  of  these  agents  on  the  encrusting 
materials  of  retted  flax,  boiling  solutions  of  caustic  and 
carbonated  alkalis  saponify  and  remove  the  fatty 
matter,  and  also  decompose  the  pectic  acid  and  any  pectose 
which  may  have  escaped  the  action  of  the  retting  pro- 
cess. Under  their  influence  the  insoluble  pectic  acid  is 
changed  into  metapectic  acid,  which  at  once  unites  with 
the  alkali  to  form  a  soluble  compound.  By  successive 
boiling  with  alkali  the  fibre  entirely  loses  its  brownish 
colour,  and  retains  only  a  pale  grey  shade,  readily 
bleached  by  hypochlorites.  The  system  of  bleaching 
linen  is  based  on  these  reactions. 

Water-retted  flax  (whether  retted  in  running  or  stagnant 
water,  it  matters  not)  is  capable  of  being  well  bleached. 
Under  the  influence  of  boiling  alkalis  it  always  assumes 
a  lighter  colour,  and  when  submitted  to  the  reducing 
action  of  stannous  chloride  it  acquires  a  yellowish  tint. 
Dew-retted  flax,  on  the  contrary,  bleaches  with  much 
difficulty.  When  boiled  with  alkalis  it  becomes  darker, 
and     stannous    chloride    has  little    or   no   efiect    on    it. 
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These  reactions  may  serve  to  discover  by  wliich  process 
of  retting  the  fibre  has  been  obtained- 

The  linen  fibre  is  even  less  readily  dyed  than  cotton,  a 
fact  which,  althongh  well  known  to  dyers,  has  not  yet 
been  satisfactorily  f-xplained.  Its  physical  structure  and 
the  possible  presence  of  pectic  matters  no  doubt  exercise 
some  resizaining  influence. 

21.  Jnte  consists  of  the  bas-t  fibres  of  various  species 
of  Corehonis  (e.g.,  C.  olitorius,  C.  capsul-aris,  (tc),  belong- 
ing to  tlie  family  of  the  Tiliacece,  and  is  mainly  cultivated 
in  BengaL  The  fibre  is  separated  from  the  plant  by 
pit)oesses  grmilar  to  those  employed  in  obtaining  the  flax 
Sbre,  nanftdy,  rcAJ&ng,  beating,  washing,  drying,  i:c.  The 
raw  fibrie,  as  exported,  consists  of  the  upper  five-sixths  of 
the  isolated  bast,  and  occurs  in  lengths  of  about  seven 
fedL  Under  the  microscope,  it  is  seen  to  consist  of 
bundles  of  stiff,  lustrous,  cylindrical  fibrils,  having 
irregularly -thickened  walls,  and  a  comparatively  large 
central  opening.  The  colour  of  the  fibre  varies  from 
Ihowii  to  silver-grey.  It  is  distinguished  from  fiax  by 
b^ng  colonred  yellow,  under  the  influence  of  sulphuric 
add  and  iodine  solution. 

According  to  Cross  and  Be  van,  the  substance  of  the 
jnte  fibre  is  not  cellulose,  but  a  peculiar  derivative  of  it, 
to  which  the  name  hastose  has  been  given.  Under 
the  influence  of  chlorine,  a  chloiinated  compound  is 
produced,  which,  when  sultmitted  to  the  a<?tion  of  sodium 
sulphite,  developes  a  brilliant  magenta  colour.  This 
colour  reaction  is  also  exhibited  by  tannin-mordanted 
cotton,  with  which  jute  shows  great  similarity ;  this  is 
further  exemplified  by  the  fact  that  jute  can  be  readily 
dved  in  a  direct  manner  with  basic  coal-tar  colouring 
matters. 

Jute  may  indeed  be  considered  as  consisting  of  cellu- 
lose, a  portion  of  which  has  become  more  or  less  modi- 
fied throughout  its  mass  iDto  a  tannin-like  substance. 
Alkalis  actually  resolve  jute  into  insoluble  cellulose 
and  soluble  bodies  allied  to  the  tannin  matters.    Fui'ther, 
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when  large  masses  of  jute  are  allowed  to  lie  in  a  damp 
state,  the  substance  of  the  fibre  is  decomposed  into  two 
groups  of  bodies,  namely,  acids  of  the  pectic  class,  and 
tannin-like  substances. 

Acids,  notably  mineral  acids,  even  at  low  tempera- 
tures, readily  disintegrate  jute,  resolving  it  into  soluble 
substances.  This  destructive  action  of  acids  must  be 
specially  borne  in  mind  by  the  dyer  and  bleacher  of  jute. 

Strong  solutions  of  hypochlorites  produce  the  chlorin- 
ated compound  above  alluded  to,  and  there  is  then 
always  a  danger  of  the  fibre  being  disintegrated  by  subse- 
quent manufacturing  operations,  e.g.,  steaming.  Weak 
solutions  bleach  the  fibre  to  a  pale  cream  colour,  at  the 
same  time  oxidising  it,  and  thus  forming  compounds  which 
precipitate  soluble  calcium  salts.  In  bleaching  jute, 
therefore,  weak  sodium  hypochlorite  should  be  used  in 
preference  to  ordinary  bleaching-powder  (calcium  hypo- 
clilorite),  since  the  presence  of  soda  prevents  the  forma- 
tion both  of  the  chlorinated  fibre  and  of  insoluble  calcium 
compounds.  By  thoroughly  impregnating  the  bleached 
fibre  with  sodium  bisulphite,  and  drjing  at  80^ — 100^  C, 
the  colour  is  still  further  improved  through  the  action  of 
the  disengaged  sulphurous  acid  ;  the  neutral  sodium  sul- 
phite remaining  in  the  fibre  prevents  its  oxidation  and 
disintegration  under  the  influence  of  ordinary  atmospheric 
conditions,  and  even  steaming.  Jute  is  readily  bleached 
by  the  successive  action  of  permanganates  and  sulphurous 
acid.  The  loss  of  weight  experienced  by  jute  in  bleach- 
ing may  vary  from  2  to  8  per  cent.,  according  to  the 
method  employed. 

22.  China  Grass.— This  fibre,  also  called  Eheea, 
Eamie,  kc.,  consists  of  the  bast  cells  oi  Boehmeria  nivea 
{Urticanivea),  a  perennial  shrub  belonging  to  the  nettle 
family,  Urticacece.  The  plant  grows  abundantly  in 
China,  Japan,  and  the  Eastern  Archipelago  generally. 
No  perfectly  satisfactory  method  of  obtaining  the  fibre 
with  little  loss  has  yet  been  devised ;  the  native  methods 
of  splitting  and    scraping  the   plant  stems,   steeping  m 
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water.  &c.,  are  tedious  and  exj>erLsive,  wliile  the  ordin- 
aiy  retting  process  is  not  thoroughly  effective,  because 
of  the  succulent  nature  of  the  stem,  and  the  large 
amount  and  acridity  of  the  gummy  matters,  which 
rapidly  coagidate  and  become  insoluble  on  exposm'e  to 
au\  The  chief  characteristics  of  the  fibre  are  its  excessive 
strength  and  durability,  fineness,  silky  lustre,  and  pure 
white  colom\  Sulphuric  acid  and  iodine  solution  colour 
it  blue,  hence  it  seems  to  consist  essentially  of  cellulose. 
Under  the  microscope,  the  fibres  appear  stiff  and  straight, 
the  cell  walls  exhibiting  a  fibrous  texture,  and  varying 
in  thickness  in  different  parts  of  the  fibre. 


CHAPTER   III. 

WOOL. 

23.  Varieties  of  Wool. — By  the  term  "wool"  we 
describe  the  haiiy  covering  of  several  species  of  mam- 
malia, more  especixiUy  that  of  the  sheep.  It  differs  from 
hair,  of  which  it  may  be  regaurded  as  merely  a  variety, 
by  being,  as  a  inile,  more  flexible,  elastic^  and  ctu'ly,  and 
because  it  possesses  certain  details  of  surface-structure 
which  enable  it  to  be  more  readily  matted  together. 

Many  mammalia  have  both  wool  and  haii-,  and  it  is 
probable  that  this  has  also  been  the  case  with  the  sheep 
in  its  original  wild  state,  but  under  the  influence  of 
domestication  the  rank  hairy  fibres  have  largely  dis- 
appeared, while  the  soft  under-wool  round  their  roots 
has  been  siugularly  developed.  At  so  early  a  date 
was  the  sheep  domesticated — as  remote,  indeed,  as  the 
prehistoric  period  of  the  Cave  Dwellers, — that  it  has 
l>een  found  impossible  to  determine  with  ceriainty  its 
tJTie  origicL     By  some  the  parent  stock  is  considered  to 
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be  the  Ovis  amnion  of  the  mountains  of  Central  Asia, 
where  the  tribes  have  always  been  pastoral  in  their 
habits  and  occupations. 

The  climate,  breed,  food,  and  rearing  of  the  sheep,  all 
influence  the  quality  of  the  wool.  When  they  are  fed 
upon  herbage  grown  in  chalky  districts,  for  example,  the 
wool  is  apt  to  be  coarse,  whereas  it  becomes  fine  and 
silky  on  those  reared  upon  a  rich  loamy  soil. 

Sheep's  wool  varies  from  the  long,  straight,  coaise 
hail'  of  certain  varieties  of  the  English  sheep  (Leicester, 
Lincolnshire,  ttc),  to  the  comparatively  short,  wavy,  fine, 
soft  wool  of  the  Spanish  Electoral  sheep. 

Down  to  the  end  of  the  last  centuiy  the  Spanish 
Merino  sheep  yielded  the  finest  and  best  wool  in  the 
world.  About  that  period  this  variety  was  imported  into 
nearly  every  country  in  Europe,  and  by  dint  of  careful 
selection  and  good  breeding,  the  wool-gi'owers  of  Saxony 
and  Silesia  at  length  succeeded  in  producing  wool  which 
quite  equalled  that  of  the  original  Spanish  race.  Merino 
sheep  have  since  been  introduced  into  Australia,  the 
Cape  of  Good  Hope,  New  Zealand,  kc.  \  and  these  so- 
called  Colonial  wools,  so  much  used  and  appreciated  at 
the  present  time,  all  bear  the  Merino  character  derived 
from  the  original  Spanish  stock. 

According  to  the  average  length  of  the  fibres  com 
prising  the  locks  of  wool,  or  "staple,"  two  principal 
classes  of  wool  may  be  distinguished,  namely,  the  long- 
stapled  (18-23  centimetres)  and  the  short-stapled  wools 
{2-D—4:  centimetres).  In  the  process  of  manufacture  into 
cloth,  the  former  require  to  be  combed,  and  serve  for  the 
production  of  so-called  "worsted  "  goods,  while  the  latter 
are  carded,  and  used  for  "woollen"  goods.  It  is  well  to 
add  that  this  distinction  between  woi-sted  and  woollen 
goods  refers  rather  to  the  operations  of  combing  and 
carding  than  to  the  length  of  staple  of  the  wool  employed, 
since  large  quantities  of  worsted  are  made  from  short 
wool.  The  essential  difference  is  really  owing  to  a 
different  arrangement   of  the  fibres   in  the  yarn.     The 
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diameter  of  the  ^ool  fibre  may  vary  from  0*007  to  0.5 
millimetre. 

Very  marked  differences  exist  even  in  tlie  wool  of  a 
single  animal,  according  to  the  part  of  the  body  from 
which  it  is  taken,  and  it  is  the  duty  of  the  v:ool-sorter 
to  distinguish  and  separate  the  several  qualities  in  each 
fleece. 

24.  The  Physical  Structure  of  the  wool  fibre  is  very 
characteristic,  and  enables  it  to  be  readily  distin- 
guished from  other  textile  fibres. 
Being  a  product  of  the  epidermal 
layer  of  the  skin,  it  is  built  up 
of  an  immense  number  of  epi- 
thelial cells.  When  carefully 
examined  under  the  microscope, 
a  wool  fibre  is  seen  to  consist  of 
at  least  two  parts,  sometimes 
even  of  three. 

(1)  The  external  cells  appear 
as  thin  horny  plates  or  scales 
of  irregular  shape ;  they  are 
arranged  side  by  side  and  over- 
lapping each  other,  somewhat 
after  the  manner  of  roof-tiles  (Fig.  8).  The  upper 
edges  are  more  or  less  free,  the  lower  are  apparently 
imbedded  in  the  interior  of  the  fibre.  In  merino  wool 
the  scales  appear  fumiel-shaped,  and  fit  into  each  other, 
each  one  entirely  surrounding  the  fibre.  In  hair  they 
are  more  deeply  imbedded;  they  also  lie  flatter,  and 
present  but  little  free  margin. 

This  surface -character  plays  an  impoi-tant  part  in 
causing  the  "felting"  of  wool  in  "milling,"  ttc.  During 
this  and  similar  operations,  in  which  a  large  number  of 
fibres  are  brought  into  close  and  promiscuous  contact, 
each  fibre  naturally  moves  more  readily  in  one  dii-ection 
than  in  the  other,  and  the  opposing  scales  gi-adually 
become  interlocked. 

(2)    The     cortical     substance     of     the    wool    fibre 


Fig.  8. — Microscopical  Appear 
ance  of  Wool  Fibre. 
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constituting  nearly,  and  sometimes  entirely,  the  wliole 
internal  portion  of  the  fibre,  is  composed  of  narrow 
spindle-shaped  cells,  which  have  assumed  a  more  or 
less  ^  horny  character.  This  structure,  which  gives 
the  inner  portion  of  a  wool  fibre  a  fibrous  appearance 
when  examined  longitudinally  un- 
der the  microscope,  is  best  seen 
after  gently  heating  the  fibre  ^viih 
sulphuric  acid.  By  means  of  a 
pair  of  dissecting  needles  it  is  then 
readily  separated  into  its  constituent 
cells. 

In  Figure  9,  b  represents  the 
microscopic  appearance  of  the  fibre 
after  treatment  with  acid,  and  a 
shows  some  of  the  indi\ddual  cells. 

It  is  an  interesting  fact  that 
these  disintegrated  internal  cells 
possess  a  greater  attraction  for  colour- 
ing matter  than  the  external  scales, 
and^  the  beneficial  efiect  of  the 
acidity  of  the  bath,  required  in  many 
cases  of  mordanting  and  dyeing, 
may  possibly  be  ascribed  to  the 
opening  out  of  the  epithelial  scales 
and  the  exposure  of  the  inner  fibrous 
cells  to  the  action  of  the  liquid  of 
the  bath.  This  seems  to  explain  also 
why  "extracted"  or  "carbonised"  wool  dyes  deeper 
shades  and  more  rapidly  than  ordinary  wool. 

(3)  The  central,  or  medullary,  portion  of  the  wool 
fibre,  when  present,  is  formed  of  several  layers  of 
rhombic  or  cubical  cells,  which  appear  as  the  marrow 
or  pith  of  the  fibre,  and  may  traverse  its  whole  length 
or  appear  only  in  parts.  By  boiling  the  fibre  with  alkali, 
It  is  often  possible  to  squeeze  out  this  medullary  portion. 
In  many  classes  of  wool  (merino,  &c.)  it  seems  to  be 
entirely  absent :  indeed,  its  presence  or  absence  depends 
D.  H,  HILL  LfBRART 
North  Carolina  State  College 


Fig.  9. —Cells  of  Wool 
Fibre  under  the  Mi- 
croscope. 
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Upon  a  variety  of  factors,  e.g.,  race,  liealtli  of  individual, 
part  of  tlie  body  from  wldcli  the  wool  is  taken,  <fcc. 

In  colourless  wool  the  medullary  portion  often  appears 
under  the  microscope  as  a  dark  or  dull  hazy  stripe.  This 
appearance  is  caused  by  the  air  enclosed  between  the 
cells,  so  that  by  boiling  such  a  fibre  with  tui-pentine  or 
glycerine  the  cells  become  transparent. 

Wool  fibres  which  exhibit  the  medullaiy  cells  ai'e 
brittle  and  stifi";  altogether  they  possess  more  of  a  hairy 
character,  and  are  less  suitable  than  other  varieties  for 

manufacturing  pui^wses. 

p.      In  the  best  qualities  oi 

r-;:'''^^'^^^^-         wool  the  medullaiy  cells 

/*:3  .  ;    are  invisible. 

•   ^  :    7  ^  In  a  transverse  sec- 

\^f     >  :  tion,  a  wool  fibre  api)ears 

^-~>^  J, -::  more    or   less   round  or 

Tig.  10.— Cross  Sectio:-  -::;>! -ol  ^        *.  n /^       • 

Wool  Fibres.  Figure  10  gives  the 

cross  sections,  according 
to  F.  Bowman,  of  two  typical  wool  fibres ;  a  shows  the 
medullaiy,  cortical,  and  external  cells ;  in  b  the  medullaiy 
cells  are  al  »sent. 

"  Kemps  "  are  certain  wool  fibres  not  possessing  the 
normal  structure  of  good  wool ;  under  tlie  microscope  the 
epithelial  scales  are  less  distinct,  or  even  invisible,  and 
viewed  by  transmitted  light,  either  the  whole  substance 
of  the  fibre  seems  more  dense  and  sometimes  even  opaque, 
or  the  medullary  portion  only  is  opaque.  They  are 
deficient  in  tenacity,  lusti'e,  and  felting  power,  and  in 
their  attraction  for  colouring  matters.  They  may  occur 
even  in  good  qualities  of  wool,  e.g.,  about  the  neck  and 
leo^s  of  the  animals,  where  the  wool  £:i'aduallv  mercres  into 
hair.  In  coarse  wools  they  may  be  found  in  any  part  of 
the  fleece. 

A  merino  wool  fleece  is  made  up  of  an  immense 
number  of  small  bundles  or  strands  of  wool  fibres,  which, 
in  the  best  races  of  sheep,  show  a  perfectly  regular  and 
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fine  wavy  character.  The  individual  fibres  are  also  more 
or  less  wavy,  but  not  with  the  same  degree  of  regularity 
as  the  strand  of  which  they  form  a  part.  When  the 
fibres  adhere  to  each  other,  as  in  the  strand,  the  regular 
wavy  character  is  very  marked. 

Besides  sheep's  wool,  the  hairy  covering  of  other 
animals  is  used  in  the  woollen  industry. 

25.  Foreign  Wools. — Alpaca,  Vicuna,  and  Llama 
wool  are  obtained  from  different  species  of  the  genus 
Auchenia  {A.  alpaca,  A.  vicugnia,  A.  llama),  which  in- 
habit the  mountains  of  Peru  and  Chile. 

Mohair  is  obtained  from  the  Angora  goat  {Capra 
hircus  angorensis)  of  Asia  Minor. 

Cashmere  consists  of  the  soft  under-wool  of  the  Cash- 
mere goat  {Capra  hircus  laniger)  of  Tibet. 

The  soft  under-wool  of  the  camel,  which  it  sheds  each 
spring,  is  also  used.  Of  all  these,  the  alpaca  and 
mohair  are  most  largely  employed. 

Certain  of  these  foreign  wools,  more  especially  Yan 
Mohair,  also  Alpaca,  Camel's  haii^,  Cashmere,  and  Persian 
wool,  are  apt  to  be  dangerous  to  the  health  of  the 
wool-sorter.  They  seem  to  contain  the  microscopic 
organism  known  as  Bacillus  anthracis,  the  same  which 
excites  splenic  fever  in  cattle  and  horses.  When  taken 
into  the  bronchial  tubes  of  man^  it  induces  a  kind  of 
blood-poisoning  known  as  "  wool-sorter's  disease."  The 
wool-sorting  rooms  ought,  therefore,  to  be  well  ventilated, 
and  the  sorters  should  wear  respirators  during  their 
work. 

26.  Physical  Properties — Hygroscopicity. — The  wool 
fibre  is  capable  of  absorbing  a  large  amount  of  water  with- 
out appearing  damp,  i.e.,  it  is  very  hygroscojnc.  Exposed 
to  the  air  in  warm,  dry  weather,  it  contains  8-12  per  cent, 
moisture;  but  if  kept  for  some  time  in  a  damp  atmo- 
sphere, it  may  take  up  as  much  as  30-50  per  cent. 
This  moisture  probably  fills  up  the  interstices  between 
the  cells  of  the  fibre,  which  under  ordinary  circumstances 
contain  air,  but  it  no  doubt  also  permeates  the  substance 
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of  the  cells  themselves.  It  is  noteworthy  that  damp 
wool  is  not  so  liable  to  mildew  as  the  vegetable  fibres  are. 
The  amonnt  of  moisture  in  "unwashed  wool  varies 
with  the  fatty  matter  it  contains,  the  less  fat  the  more 
moist^nej  while  in  washed  wool  it  depends  npon  the 
azrangemeait  of  the  cells.  The  wool  which  has  least 
te^sudty — Le.,  that  in  which  the  cells  are  more  loosely 
axranged — possesses  the  greatest  hygroscopicity. 

TMs  hygroscopic  character  of  wool  renders  it  very 
de^iaiUe  "tliat  those  trading  with  it  should  know  exactly 
its  condition  in  this  respect  at  the  time  of  buying  and  selling, 
hence,  on  the  Continent,  so-called  ''  Wool-conditioning"  es- 
tablishments have  been  instituted  in  various  centres  of  the 
woollen  industry — e.g.,  Roubaix,  Rheims,  Paris — where 
the  exact  amount  of  moisture  in  any  lot  of  wool  may  be 
officially  determined.  These  establishments  are  arranged 
on  the  same  principles  as  those  for  sUk- conditioning 
p.  61).  As  woo]  is  more  sensitive  to  heat  than  silk, 
the  drying  of  it  is  effected  between  105°-110°  C.  The 
legal  amount  of  moisture  allowed  on  the  Contiaent  is 
18-25  per  cent. 

If  wool  fibre  is  steeped  in  warm  water,  it  softens 
and  swells  up  very  considerably,  and,  Hke  all  homy  sub- 
stances, becomes  pJnstic,  retaining  any  position  which 
m.ay  be  forced  upon  it,  if,  while  the  mechanical  strain  is 
continued,  the  moisture  is  more  or  less  evaporated. 

This  hygroscopic  and  plastic  nature  of  wool  comes 
into  play  in  the  processes  of  "  crabbing  "  and  *'  steam- 
ing "  of  unions,  in  the  '■'  boiling  "  and  "  finishing  "  ("  hot- 
pressing")  of  woollen-cloth,  and  in  the  "stretching  "  of  yam. 
Elasticity. — Closely  connected  with  the  hygroscopic 
nature  of  wool  is  its  elasticity,  which  it  possesses 
in  a  high  degree,  not  merely  because  of  the  wavy 
character  of  the  fibre,  but  also  on  account  of  its  sub- 
stance and  structure.  One  important  manifestation  of 
its  elasticity  is  shown  if  a  drj^  wool-fibre  is  excessively 
stretched;  when  the  ends  are  released,  or  rupture  takes 
place,  not  only  does  the  fibre  or  do  the  separated  parts 
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rebound  to  the  original  position,  but  an  additional 
shrinking  and  curling  up  of  the  ends  are  exhibited. 

If  a  single  ^yool  fibre  is  softened  by  heat  and  moisture, 
then  stretched  and  dried  in  this  condition,  it  is  found  to 
have  lost  this  curling  property,  but  it  reappears  whenever 
the  stretched  fibre  is  again  softened,  and  allowed  to  dry  in 
an  unfettered  condition. 

In  conjunction  with  pressure,  friction,  and  tempera- 
ture, many  of  the  above-mentioned  physical  features — 
e.g.,  the  scaly  surface  of  the  fibre,  its  waviness,  and  its 
hygroscopic,  elastic,  and  plastic  nature — play  a  most  im- 
portant part  in  the  processes  of  "felting"  and  "milling  " 
woollen  cloth. 

The  lustre  of  wool  varies  very  considerably.  Straight, 
smooth,  stiff  wool  has  more  lustre  than  the  curly  merino 
wool.  The  difi'erences  exhibited  depend  partly  upon  the 
internal  structure,  but  chiefly  upon  the  varying  arrange- 
ment and  transparency  of  the  scales  on  the  surface  of 
the  fibre  ;  the  flatter  these  are  and  the  more  they  lie  in 
one  plane,  the  greater  will  be  the  lustre.  Such  wools  as 
possess  a  silky  lustre  in  a  high  degree — e.g.,  Lincoln  and 
Leicester  wools,  &c. — are  classed  as  lustre  wools,  as  distin- 
guished from  non-lustre  wools — e.g.,  Merino,  Colonial,  ifcc. 

Wool  with  a  glassy  lustre,  e.g.,  bristles,  &c.,  is  harder 
and  more  horny  than  non-lustre  wool ;  the  surface  is 
smoother,  the  scales  are  less  distinct,  and  wools  of  this 
kind  do  not  dye  so  readily. 

The  best  kind  of  wool  is  colourless,  but  lower  qualities 
are  often  yellowish,  and  sometimes  variously  coloured—  £•.^'7.  ^ 
black,  brown,  red,  kc.  This  coloration  is  caused  by  the 
presence  of  an  organic  pigment  in  the  cortical  portion  of 
the  fibre,  either  as  a  granular  pigment  situated  between 
the  cells,  or  as  a  colouring  matter  difliised  throughout 
the  cell  substance.  Generally,  both  forms  are  present, 
but  in  brown  and  black  wool  the  granular  pigment  pre- 
dominates, while  in  red  and  yellow  wools  the  diffused 
colouring  matter  is  more  prominent.  These  natural  pig- 
ments are  not  so  fast  to  light  as  is  generally  supposed,  a 
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fact  which  is  already  revealed  by  the  bleached  appearance 
of  the  exposed  portions  of  the  fleece. 

The  worth  of  any  quality  of  wool  is  determined  by 
carefully  observing  a  number  of  its  physical  pro- 
perties— e.g.,  softness,  fineness,  length  of  staple,  waviness, 
lustre,  strength,  elasticity,  flexibility,  colour_,  and  the 
facility  with  which  it  can  be  dyed.  Fleece  wool,  as 
shorn  from  the  living  animal,  is  superior  in  quality  to 
^^  dead  wool,^^  i.e.,  wool  which  has  been  removed  from  the 
skin  after  death,  if  lime  has  been  used  in  the  process,  but 
if  it  be  removed  from  the  skins  by  cutting,  the  wool  is 
practically  equivalent  to  "  fleece  wool ; "  indeed,  it  is  said 
to  felt  better  than  the  latter.  Individual  dead  fibres 
occur  occasionally  in  fleece  wool ;  they  have  been  forced 
out  by  the  roots  previous  to  the  time  of  shearing,  and 
constitute  the  so-called  ^'  overgrown  "  wool.  This  class 
of  wool  is  comparatively  harsh  and  weak,  and  is  said  not 
to  dye  so  readily  as  other  kinds.  This  is  the  case  also  with 
the  wool  of  an  animal  which  has  died  of  some  distemper. 

27.  Chemical  Composition. — With  regard  to  the 
chemical  composition  of  wool,  a  distinction  must  be 
made  between  the  fibre  'proper  and  the  foreign  'matters 
encrusting  it.  The  latter,  while  consisting  partly  of 
mechanically  adhering  impurities  derived  from  without, 
are  mainly  secreted  by  the  animal,  and  constitute  the 
so-called  Yolk  (Fr.  Suint). 

Wool  fibre  which  has  been  entirely  cleansed  and 
freed  from  these  foreign  matters  possesses  a  chemical 
composition  very  similar  to  that  of  horn  and  feathers, 
and  consists  of  what  is  termed  Keratin  (horn-substance). 
Its  elementary  composition  varies  somewhat  in  difi'erent 
qualities  of  wool,  but  the  following  analysis  of  German 
wool  may  be  taken  as  representative  : — 

Carbon 49-25  per  cent. 


Hydi'ogen 
Oxygen 
Kitrogen 
Svilpliur  . 


7-57 
23-66 
15-86 

3-66 

100-00 
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The  question  as  to  whether  the  sul^Dhur  is  an  essential 
constituent  or  not  has  been  much  discussed.  It  is 
removed  to  a  gi^eater  or  less  degree  by  most  solvents, 
hence  it  is  difficult  to  obtain  constant  analytical  results. 
Its  amount  has  been  found  to  vary  in  different  wools 
from  0-8  to  3-8  per  cent.  Its  constant  occurrence,  and  that 
in  comparatively  large  proportion,  precludes  the  idea  that 
it  is  merely  an  accidental  constituent,  and  it  has  liitherto 
been  found  impossible  to  deprive  wool  entirely  of  its 
sulphur,  ^Yithout,  at  the  same  time^  modifying  somewhat 
its  structure  and  in  large  measure  destroying  its  tenacity. 

This  presence  of  sulphur  in  wool  is  attended  with 
some  practical  disadvantages.  The  wool  is  apt  to  con- 
tract dark-coloured  stains  under  certain  conditions,  and  on 
that  account  its  contact  with  such  metallic  surfaces  as 
those  of  lead,  copper,  and  tin  should  be  avoided  during 
processes  of  scouring  or  dyeing.  In  mordanting  with 
stannous  chloride  and  cream  of  tartar,  especially  if  an 
excess  of  these  ingredients  be  used^  the  wool  is  frequently 
stained,  by  reason  of  the  formation  of  stannous  sulphide. 

A  boiling  solution  of  plumbite  of  soda  at  once  blackens 
wool,  and  may  thus  serve  to  distinguish  it  fi'om  silk  or 
cotton. 

For  practical  purposes,  much  of  the  sulphur  may  be 
removed  by  steeping  the  wool  in  cold  weak  alkaline 
solutions— e.^.,  milk  of  lime, — then  washing  it  in  water,  in 
weak  hydrochloric  acid,  and  again  with  water,  repeating 
the  operations  several  times. 

The  amount  of  mineral  matter  in  wool  free  from  yolk 
varies  from  0-08-0-37  per  cent.  It  consists  mainly  of 
phosphates  and  silicates  of  lime,  potash,  iron,  "^and 
magnesia. 

Action  of  various  Agencies  on   Wool. 

28.  Action  of  Heat— If  heated  to  130°  C,  wool 
begins  to  decompose  and  give  off  ammonia;  at  140-150° 
C.  vapour  containing  sulphur  is  disengaged. 

When  wool  fibre  is   inserted  in  flame  it  burns  with 
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some  difficulty,  and  emits  a  disagreeable  odour  of  bm-nt 
feathers.  It  lias  the  appearance  of  fusing,  a  bead  of  porous 
carbon  being  fonned  at  the  end  of  the  fibre.  Submitted 
to  dry  distillation,  it  gives  off  products  containing  much 
ammonium  carbonate,  which  may  be  readily  detected  by 
its  smell  or  by  its  coloumig  red  litmus-paper  blue.  These 
reactions  serve  to  distinguish  wool  from  all  vegetable  fibres. 

A  cold  ammoniacal  solution  of  cupric  hydrate  has  no 
action  upon  wool,  but  if  it  is  used  hot  the  wool  is  dis- 
solved. 

29.  Action  of  Acids. — Dilute  solutions  of  hydro- 
chloric and  sulplturic  acids  ha^e  little  influence  upon 
wool,  whether  applied  hot  or  cold.  fiui;her  than  opening 
out  the  scales  and  making  the  fibre  feel  somewhat  rougher, 
but  if  used  too  concentrated,  the  fibre  is  soon  disintegrated; 
in  any  case  their  destructive  action  is  by  no  means  so 
ener2:etic  on  wool  as  on  cotton.  This  fact  is  made  use 
of  to  separate  cotton  from  wool  in  the*  process  of  "  ex- 
tracting ''  or  ''  carbonising  "  rags  containing  both  fibres. 
The  rags  are  steeped  in  dilute  sulphuric  acid,  and  after 
removing  the  excess  of  liquid,  are  dried  in  a  stove  at 
about  110°  C.  The  disor2:anised  cotton  can  then  be 
beaten  out  as  dust,  while  the  wool  remains  compara- 
tively little  injured.  Another  method  is  to  submit  the 
rags  for  a  few  hours  to  heated  hydrochloric  acid  gas. 

The  above  mineral  acids  are  frequently  added  to  the 
dye-bath  in  wool-dyeing. 

Nitric  acid  acts  like  the  acids  just  mentioned,  but  it  also 
gi\'es  a  yellow  colour  to  the  wool,  owing  to  the  production 
of  so-called  xanthoproteic  acid.  Because  of  the  compara- 
tively light  yello^Tsh  colour  thus  imparted,  boiling  di- 
lute nitric  acid  is  frequently  used  as  a  "  stripping  "  agent 
for  wool,  i.e.,  to  destroy  the  colour  in  wool  already  dyed, 
for  the  purpose  of  re-dyeing  (job-dyeing,  rectifying  mis- 
takes, (tc).  Care  must  always  be  taken  not  to  have  the 
acid  too  stroDg  (about  3^-4:°  Tw. — Sp.  Gr.  1"02),  and  not 
to  prolong  the  process  beyond  three  or  four  minutes. 

Sulphur  dioxide  (sulphurous  acid  gas)  removes  the 
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natural  yellow  tint  of  ordinary  wool,  and  is  the  best 
bleaching  agent  employed  for  this  fibre.  It  is  important 
to  remember  that  the  gas  is  very  persistently  retained  by 
the  fibre,  and  should  always  be  removed  from  bleached 
■wool  previous  to  dyeing  light  colours.  This  is  effected 
by  steeping  the  wool  in  very  dilute  solutions  of  carbonate 
of  soda  or  bleaching-powder,  and  washing  well.  When 
the  first  reagent  is  employed,  the  acid  is  merely  neutral- 
ised, but  with  the  second  the  sulphurous  acid  is  oxidised 
to  sulphuric  acid.  Should  this  precaution  be  neglected, 
the  wool  will  not  dye  properly,  or,  when  dyed,  it  will  be 
liable  to  become  decolorised  ao^ain  throucrh  the  reducing 
action  of  the  sulphur  dioxide  retained  by  the  fibre. 

30.  Action  of  Alkalis. — Alkaline  solutions  have  a 
very  sensible  influence  on  wool,  but  the  effects  differ 
considerably  according  to  the  nature  of  the  alkali,  the 
concentration  and  temperature  of  the  solution,  and  the 
duration  of  contact. 

Caustic  alkalis  (KHO,  NaHO)  act  injuriously  on 
wool  under  all  circumstances.  Even  when  they  are 
applied  as  cold  and  weak  solutions,  their  destructive 
action  is  sufficient  to  warrant  their  complete  rejection  as 
"  scouring  "  agents. 

When  they  are  applied  hot,  even  though  but  little 
concentrated,  the  wool  is  gradually  dissolved,  producing  a 
soapy  liquid  from  which  it  may  be  precipitated,  on  the 
addition  of  acid,  as  a  white  amorphous  mass. 

This  fact  of  the  solubility  of  wool  in  hot  caustic 
alkalis  is  utilised  for  the  purpose  of  recovering  indigo 
from  vat-dyed  woollen  rags,  this  colouring  matter  being 
insoluble  therein. 

Solutions  of  alkaline  carbonates  and  of  soap  have 
little  or  no  injurious  action  on  wool,  if  they  are  not  too 
concentrated,  and  the  temperature  is  not  higher  than  50°  C. 
Soap  and  carbonate  of  ammonia  have  the  least  injurious 
action,  while  the  carbonates  of  potash  and  soda  impart  to 
the  wool  a  yellow  tint,  and  leave  it  with  a  slightly 
harsher  and  less  elastic  feeL 
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This  marked  difference  of  action  between  the  caustic 
and  carbonated  alkalis  makes  it  an  all- important  matter 
for  every  wool-scourer  to  know  the  exact  nature  of  the 
agents  he  uses :  soaps  should  be  fi'ee  from  excess  of  alkali, 
"  soda  ash  ''  should  contain  no  caustic  soda,  kc. 

Calcium  hydrate  {lim^e)  acts  inj uiiously,  like  the 
caustic  alkalis,  but  in  a  less  degree.  It  eliminates  the 
sulphur  from  the  wool,  but  thereby  renders  the  fibre 
brittle  and  impairs  its  milling  properties. 

31.  Chlorine  and  Hypochlorites  act  injuriously  on 
wool,  and  can  therefore  never  be  applied  to  it  as  bleach- 
ing agents.  A  hot  or  boiling  solution  of  chloride  of 
lime  entirely  destroys  the  fibre,  with  evolution  of  nitrogen 
gas ;  if,  however,  wool  be  submitted  to  a  very  slight  action 
of  chlorine  or  hypochlorous  acid,  it  assumes  a  yellowish 
tint,  and  acquires  at  the  same  time  an  increased  affinity 
for  many  colouring  matters.  This  effect  is  possibly  due 
to  an  oxidation  of  the  fibre,  and  not  merely  to  a 
roughening  of  its  surface.  Practical  use  is  made  of  it  by 
the  printer  of  Muslin  Delaine  (mixed  fabrics  of  cotton 
and  wool)  and  occasionally  by  the  woollen  dyer. 

32,  Action  of  Metallic  Salts. — In  common  with  all 
fibres  of  animal  ori^'in,  wool  has  the  property  of  readily 
dissodatiDg  certain  metallic  salts  when  in  contact  with 
their  solutions,  especially  if  the  latter  are  heated.  When, 
for  example,  wool  is  boiled  with  solutions  of  the  sulphates, 
chlorides,  or  nitrates  of  aluminium,  tin,  copper,  iron, 
chromium,  <fcc.,  a  small  amount  of  the  oxides  or  of 
insoluble  basic  salts  of  these  metals  is  deix)sited  upon  or 
attracted  by  the  fibre,  and  a  more  acid  salt  remains  in 
solution-  On  this  fact  depends  the  method  of  mordanting 
wool,  which  differs  from  that  employed  with  the  vegetable 
fibres,  since  these  do  not  cause  dissociation  under  like 
conditions. 

Neutral  salts  of  the  alkalis  (e.g.,  NaCl,  Na^SO^)  exer- 
cise no  appreciable  action  on  wool. 

3S.  Action  of  Colouring  Matters. — Wool  has  a 
marked  direct  attraction  for  certain  coloiu^ing  matters 
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(magenta,  azo-scarlet,  indigo  extract,  orchil,  &c.)  if  their 
solutioAS  are  presented  to  it  in  a  proper  state  of  neu- 
trality or  acidity,  &c.,  and  with  these  it  is  dyed  with 
great  facility.  Being  of  a  porous  nature,  it  is  indeed 
readily  permeated  by  solutions  of  all  colouring  matters, 
especially  when  heated  with  the  latter. 

34.  Foreign  Matters  in  Raw  Wool -Yolk. — The  foreign 
matter,  or  yolk,  enveloping  the  pure  wool  fibre  possesses 
a  special  interest  for  the  dyer,  because  on  its  entire 
removal  depends  to  a  very  large  extent  the  success 
with  which  he  may  obtain  fast,  pure,  and  even  colours. 
To  the  merchant  and  manufacturer  it  is  also  of  great 
importance,  since  the  amount  in  different  kinds  of  raw 
wool  varies  considerably,  and  influences  its  commercial 
value. 

By  treating  wool  first  with  distilled  water,  and  after- 
wards with  alcohol,  Chevreul  obtained  the  following 
analysis  of  raw  merino  wool  dried  at  100°  C: — 

Removed  f  Yolk  soluble  in  cold  distilled  water  .  32-74  per  cent, 
by  water.  I  Earthy  matter  deposited  from  the  above.     26 '06        ,, 

Removed   T  Fatty  matter  dissolved  by  alcohol        .       8*57        ., 

by        -!  Earthy  matter  adhering  to  the  fat      .       1'40         „ 

alcohol.    1^  Wool  fibre  .         .         .  .21-23        „ 

100-00 

Chevreul  has  here  designated  as  yolk  only  those 
impurities  which  are  soluble  in  cold  water,  although  in 
the  ordinary  commercial  acceptation  of  the  term  it 
includes  all  adhering  impurities. 

According  to  other  observers,  the  amount  of  the  main 
constituents  of  "raw  "  or  ^'greasy"  wool,  i.e.,  just  as  it 
comes  from  the  sheep's  back,  may  vary  considerably, 
according  to  its  origin,  as  follows  : — 

Moisture       .....       4 — 24  per  cent. 

Yolk 1-2—47 

Wool  fibre 15—72         „ 

Dirt 3 — 24         ,, 
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As  a  rule,  the  finer  qualities  of  wool  {e.g.,  merino) 

contain  more  yolk  than  the  coarser. 

When  wool  is  washed  with  water  first,  as  in  Chevrenra 
analysis,  not  only  are  certain  constituents  of  a  soapy 
nature  removed — i.e.,  alkaline  oleates — but  some  of  the 
unsaponifiable  fatty  matter  as  well,  since  the  oleates 
cause  it  to  form  an  emulsion. 

A  better  method  of  separating  these  two  constituents 
is  first  to  treat  the  dried  raw  wool  with  ether.  This 
dissolves  principally  the  fatty  matter,  and  although  it 
also  takes  up  as  much  as  ten  per  cent,  of  the  oleates 
present,  repeated  washing  of  the  ethereal  solution  with 
water  removes  the  latter  almost  entirely. 

The  following  substances  may  thus  be  distinguishetl 
in  raw  wool — wool-fat  (soluble  in  ether),  wool-perspi- 
ration (soluble  in  water,  and  partly  also  in  alcohol), 
wool  fibre,  dirt,  moisture. 

These  may  be  determined  as  follows  : — 

(a)  Weigh  the  raw  wool,  dry  it  at  100°  C,  preferably 
in  a  stream  of  some  dried  inert  gas — e.g.,  hydrogen, — and 
weigh  again.  The  loss  in  weight  gives  the  moisture 
present. 

(b)  Extract  the  dried  wool  vrith.  ether,  shake  up  the 
ethereal  solution  with  water,  in  order  to  remove  from  it 
the  oleates  ;  evaporate  the  separated  ether  to  dryness,  and 
weigh  the  fatty  residue.  The  weight  gives  the  amount 
of  vcool-fat  present. 

Evaporate  the  separated  wash- water  to  dryness,  weigh 
the  residue,  and  add  the  weight  to  that  of  the  portion 
soluble  in  water,  i.e.,  the  oleates. 

(c)  Wash  the  ether-extracted  wool  several  times  with 
cold  distilled  water,  and  evaporate  the  solution  to  dryness. 
The  weight  of  the  residue  added  to  the  weight  of  the 
oleates  dissolved  by  water  from  the  ethereal  solution 
gives  the  chief  amount  of  the  alkaline  oleates  present 
The  wool  is  then  washed  with  alcohol ;  this  always 
dissolves  further  minute  quantities  of  oleates,  the  weight 
of  which  must  be  added  to  the  above.     Earthy  olealea 
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which  remain  in  the  wool  are  decomposed  by  wash- 
ing the  latter  with  dilute  hydrochloric  acid ;  the  acid 
is  removed  by  washing  with  water,  the  wool  is  then 
dried,  and  extracted  with  ether  and  alcohol.  From  the 
weight  of  the  residue  obtained  on  evaporating  the  two 
last  solvents  to  dryness,  the  amount  of  earthy  oleates 
])resent  in  the  wool  may  be  calculated.  With  very  dirty 
wool  a  good  deal  of  lime  is  dissolved  by  the  hydrochloric 
acid,  not  because  of  lime  soaps  but  of  calcareous  dust 
present. 

(d)  The  wool  remaining  is  dried  and  thoroughly  well 
shaken  and  teazed.  out  by  hand  over  a  large  sheet  of 
paper,  in  order  to  remove  dirt,  sand,  &c. ;  care  is  taken 
not  to  lose  any  of  the  fibre,  the  detached  particles  of 
which  are  collected  on  a  fine  sieve,  and  washed  with 
water  till  free  from  dirt.  The  wool  is  dried  and  weighed ; 
the  sanely  dirt,  d'c,  are  determined  by  difference. 

The  following  analyses  of  raw  wools  give  the  results 
obtained  by  the  above  method  of  Marcker  and  Schulz  : — 


Wool  of 

Lowland 

Sheep. 

Wool  of 

full-bred 

Eamboiiillet 

Sheep. 

Pitchy 
Wool. 

Moisture       .        .         . 

23-48 

12-28 

13-28 

Wool-fat       . 

7-17 

14-66 

34-19 

f  Soluble  in  water  (wool- 

•^^ 

perspiration) 

21-13 

21-83 

9-76 

Soluble  in  alcohol 

0-35 

0-55 

0-89 

u-^  ^ 

Soluble  in  dilute  HCl  . 

I'-lo 

5-64 

1-39 

OQ     Q 

Soluble    in    ether    and 

^     alcohol 

0-29 

0-57 

— 

Pm-e  wool  fibre    . 

43-20 

20-83 

32-11 

Dirt      .... 

2-93 

23-64 

8-38 

100 

100 

100 

35.  Wool-fat. — The    composition    of    what    is    here 
called    woolrfat    is    found   to    be  of   a   somewhat  com- 
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plicated  nature.  By  treating  it  with  boiling  alcohol 
it  may  be  separated  into  two  portions,  the  one  soluble, 
the  other  and  larger  amount  insoluble  in  this  liquid. 
Further  analysis  has  sho^Ti  that  the  soluble  portion 
consists  mainly  of  the  alcoholic  and  fat-like  body  choles- 
teriney  together  with  isocliolesterine,  each  in  the  free 
state,  and  probably  also  of  compoands  of  both  these  bodies 
with  such  organic  acids  as  acetic  acid.  The  insoluble 
portion  consists  essentially  of  compounds  of  cholesterine 
and  isocholesterine  with  oleic  acid,  and  in  lesser  amount 
with  solid  fatty  acids,  e.g.^  stearic  acid  and  hyaena 
acid. 

There  seems  also  to  be  present  in  a  similar  state  of 
combination,  but  in  smaller  quantity,  some  other  amor- 
phous body  or  mixture  of  bodies,  readily  fusible,  of  an 
alcoholic  nature,  and  containing  less  carbon  than  choles- 
terine. A  portion  of  these  various  alcoholic  bodies,  and 
sometimes  also  a  part  of  the  high  atomic  fatty  acids,  are 
present  in  the  free  state. 

TTool-fat  is  certainly  not  a  compound  of  glycerine, 
and  hence  is  not  a  fat  as  ordinarily  understood.  This 
accounts  for  the  dilhculty  experienced  in  removing  it 
by  mild  scouring  agents  from  so-called  "  pitchy  wool," 
which,  as  shown  in  the  above  analysis,  contains  it  in 
excessive  quantity. 

36.  Wool-Perspiration.  —  With  reference  to  the 
chemical  composition  of  that  portion  of  the  yolk  which 
is  soluble  in  water,  the  icool-jjerspiratwn,  it  has  been 
shown  by  the  experiments  of  Yauquelin,  Chevi^eul,  Hart- 
mann,  and  others,  that  it  consists  essentially  of  the 
potassium  compounds  of  oldie  and  stearic  acids,  and 
probably  also  of  other  fixed  fatty  acids ;  it  contains 
further,  but  in  smaller  amount,  the  potassium  salts  of 
certain  volatile  fatty  acids  (acetic  and  valerianic  acid), 
potassium  chloride,  phosphates,  sulphates,  &c. 

Ammonium  salts  seem  to  be  present  in  dried  ex- 
tracted yolk  in  small  quantity  [equivalent  to  0'5  per 
cent.   NH3],  not  sufficient,  however,  to  account  for  the 
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amount  of  nitrogen  found  in  yolk  (3  per  cent.)  ;  some 
other  nitrogenous  body  is  eAddently  present. 

Asa  rule,  the  wash-water  of  raw  wool  has  a  strong 
alkaline  reaction,  since  potassium  carbonate  may  be 
present  to  the  amount  of  4  per  cent,  of  the  weight  of  raw 
wool.  Some  observers  have  found  it  to  be  entirely 
absent,  in  which  case,  however,  it  may  still  be  con- 
sidered to  have  been  secreted  by  the  perspiration 
glands  of  the  sheep,  but  to  have  afterwards  acted  ener- 
getically upon  the  wool-fat  and  saponified  it,  so  that 
while  disappearing  itself,  it  has  given  rise  to  an  increased 
amount  of  potash-soaps  in  the  wool-perspiratioru 

In  washing  wool  on  the  sheep's  back,  this  potassium 
carbonate,  when  present,  plays  a  not  unimportant  part 
along  with  the  potash  soaps  of  the  yolk,  in  greatly 
facilitating  the  removal  of  dirt,  etc.,  from  the  fleece. 

Dried  extracted  yolk  contains  about  60  per  cent, 
organic  matter  and  40  per  cent,  mineral  matter  (free 
from  CO2. 

The  following  are  two  analyses  of  yolk-ash  by  j\Iarcker 
and  Schulz : — 


Potash       . 

58-94  per  cent. 

63-45  per  cent 

Soda 

2-76 

trace 

Lime 

2-44 

2-19 

Magnesia  . 

1-07 

0-85 

Ferric  oxide 

trace 

trace 

Chlorine    . 

4-25 

3-83 

Sulphuric  acid  . 

3-13 

3-20 

Phosphoric  acid 

0-73 

0-70 

Silicic  acid 

1-39 

1-07 

Carbonic  acid    . 

.     25-79 

25-34 

Yolk-ash  consists  essentially,  therefore,  of  potash  salts, 
principally  carbonates,  the  carbonic  acid  arising  mainly 
from  the  burning  of  the  organic  constituents  of  the 
yolk. 

iMaumene  and  Rogelet  give  the  following  analysis, 
which  closely  agrees  with  the  above  : — 
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Potassium  carbonate    ....  86-78  per  cent. 

Potassium  chloride        .         .         ,         ,  6*18 

Potassium  sulphate       ....  2*8 3 
SiOa,  P0O5,  CaO,  MgO,  AI2O3, 

FeaOa,  MnaOg,  CuO        .        .        ,  4-21 


100-00 


It  is  evident  from  the  above  that  when  wool  is  washed 
on  the  sheep's  back  a  considerable  quantity  of  potash  is 
entirely  lost  to  the  farmer.  It  has  been  estimated  that 
100  kilos,  raw  wool  yield  8|  kilos,  yolk-ash  (free  from 
CO2),  and  if  the  nitrogenous  matter  and  phosphates 
also  washed  away  are  taken  into  account,  it  will  be  seen 
that  the  wash-water  of  raw  wool  possesses  an  appreciable 
manurial  value. 

37.  The  Wash- Water  Products  of  Raw  Wool.— The 
great  bulk  of  the  wool  dealt  with  in  commerce  is,  how- 
ever, in  the  unwashed  or  "  greasy  "  condition,  so  that  an 
opportunity  is  afforded  to  the  woollen  manufacturer  of 
extracting  the  whole  of  the  yolk,  and  making  it  serve  as 
a  supjDlementary  source  of  potash. 

It  is  interesting  to  know  that  since  1860,  and  based 
mainly  upon  the  observations  of  Maumene  and  Rogelet, 
the  manufacture  of  potash  salts  from  the  wash-water  of 
raw  wool,  used  in  the  centres  of  the  French  and  Belgian 
woollen  industry,  has  become  an  accomplished  fact,  the 
annual  production  of  potassium  carbonate  being  estimated 
at  about  one  million  kilograms. 

After  systematically  washing  the  wool  with  water,  the 
saturated  solution  is  evaporated  to  dryness.  The  residue 
is  heated  in  gas  retorts,  and  the  gas  evolved  may  be  used 
for  illuminating  purposes.  The  resulting  coke  is  either 
calcined  with  access  of  air  or  lixiviated  with  water,  and 
yields  crude  potassium  carbonate.  One  hundred  kilos. 
"  greasy  "  wool  yield  7 — 9  kilos,  crude  potassium  car- 
bonate, containing  85  per  cent.  K2CO3.  The  total  amount 
of  wool  employed  for  manufacturing  purposes  in  Great 
Britain  in  1884  was  173  million  kilos.     If  the  whole  of 


Chap,  in.]       WASH-WATER    PRODUCTS    OF    RAW    WOOL.  41 

this  wool  had  been  treated  as  above  described,  it  would 
have  jdelded  over  13  million  kilos,  of  crude  potassium 
carbonate,  having  a  money  value  of  <£ 24 0,000.  It  may 
not  be  practicable  to  treat  the  whole  of  the  wool  in  this 
manner,  since  much  of  the  wool  is  washed  on  a  com- 
paratively small  scale,  and  central  washing  establishments 
would  be  needed.  Much  of  the  wool  is  washed  before 
importation,  so  that  it  might  be  well  for  colonial  wool- 
growers  to  examine  this  question  of  the  recovery  of  potash 
salts  from  the  wash-water  of  raw  wool. 

To  the  agriculturist  the  question  is  also  of  con- 
siderable interest,  since  it  is  evident  that  each  year  there 
is  abstracted  from  the  soil  a  large  amount  of  valuable 
constituents.  The  wool  produced  in  Great  Britain  alone 
(60  million  kilos.)  robs  the  soil  annually  of  nearly  5 
million  kilos,  of  potassium  carbonate,  which  is  at  present 
entirelv  lost  to  the  farmer,  who  could  only  replace  it  at  a 
cost  of  £84,000. 

Another  mode  of  utilising  yolk  is  that  recommended 
by  Havrez,  according  to  whom,  it  is  the  natui-al  raw 
material  for  the  manufacture  of  yellow  prussiate  of  potash. 
The  ordinary  method  of  making  this  salt  is  to  heat 
a  mixture  of  crude  carbonate  of  potash,  waste  animal 
matter  (dried  blood,  leather  clippings,  &c.),  and  iron 
filings.  The  resulting  fused  mass  is  extracted  with 
water,  and  on  evaporating  the  solution  the  desired  salt 
is  obtained. 

Havrez  says  that  when  yolk  is  submitted  to  dry 
distillation  it  yields  a  residue,  which  is  an  extremely 
intimate  mixture  of  carbonate  of  potash  and  nitrogenous 
carbon.  This  residual  coke  contains,  therefore,  just  the 
necessary  elements  for  the  production  of  yellow  prussiate 
of  potash,  and  experiment  has  shown  that  it  gives  even 
a  greater  yield  than  the  ordinary  mixture,  containing  an 
equal  amount  of  K2CO3,  because  of  the  perfect  and  inti- 
mate mixture  of  the  various  ingredients. 

Havrez  has  calculated  that  the  money  value  of  the 
yolk,  when  used  for  the  production  of  yellow  prussiate 
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of  potash,  is  more  than  twice  that  of  its  ordinary  com- 
mercial value.  He  further  maintains  that  when  it  is 
used  for  the  simultaneous  production  of  carbonate  of 
potash  and  yellow  prussiate  of  potash,  instead  of  the 
former  only,  there  is  a  gain  in  value  of  50  per  cent. 
For  this  purpose  the  dried  yolk  is  mixed  with  an  equal 
weight  of  waste  animal  matter,  and  heated  somewhat 
longer  than  usual.  Experiment  showed  that  carbonate 
of  potash  obtained  from  100  kilograms  of  the  residual 
melt  was  accompanied  by  17  "3  kilograms  of  potassium 
cyanide,  which  was  capable  of  yielding  19  kilograms  of 
yellow  prussiate  of  potash. 

One  hundred  kilograms  of  yolk  treated  in  this  man- 
ner are  said  to  yield  32  kilograms  of  carbonate  of  potash 
and  4*3  kilograms  of  yellow  prussiate  of  potash.  If 
these  data  are  correct,  what  important  amounts  of  these 
salts  might  be  obtained  from  this  source  is  seen  by  the 
fact  that  in  1884  England  imported  from  the  Australian 
and  Cape  colonies,  &c.,  247  million  kilogi-ams  of  raw 
wool,  containing  about  80  million  kilograms  of  yolk. 
This  amount  would  yield  about  25-6  million  kilograms 
of  potassium  carbonate,  valued  at  £448,000,  and  about 
3 '4  million  kilograms  of  yellow  prussiate  of  potash, 
valued  at  about  £329,000. 

Previous  to  its  employment  in  manufacturing  or  in 
dyeing,  the  raw  wool  must  be  thoroughly  cleansed 
from  the  yolk,  but  since  only  a  portion  is  removed 
by  a  simple  treatment  with  water,  recourse  is  had 
to  the  detergent  action  of  solutions  of  soap,  alkaline 
carbonates,  &c. 

No  attempt  seems  yet  to  have  been  made  in  England 
to  collect  separately  the  soluble  portion  of  the  yolk  for 
the  purpose  of  recovering  the  potash  salts.  The  pre- 
liminary extraction  with  water,  or  steeping,  alluded  to, 
is  dispensed  with  by  the  manufacturer,  and  the  wool  is 
at  once  washed  with  the  solutions  mentioned  above. 
This  operation  is  termed  "  scouring,"  and  will  be  treated 
of  in  detail  in  a  future  chapter ;  but  it  may  be  well  to 
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state  here  that,  although  in  the  English  method  the 
potash  salts  are  entii-ely  lost,  the  alkaline  and  detergent 
properties  of  the  soluble  portion  of  the  yolk  are  utilised. 


CHAPTER   lY. 


SILK. 

38.  Origin  and  Culture  of  Silk.— Silk  differs  entirely 
both  from  tlie  vegetable  fibres  and  from  wool  by  beiug 
devoid  of  cellular  structure.  It  consists  of  the  pale 
yellow,  buff-coloured,  or  white  fibre,  which  the  silkworm 
spins  round  about  itself  when  entering  the  pupa  or 
chrysalis  state. 

The  numerous  varieties  of  silk  may  be  conveniently 
divided  into  two  classes,  cultivated  and  wild  silk.  The 
latter  is  the  product 
of  the  larvae  of 
several  species  of 
wild  moths,  which 
are  natives  of  India, 
China,  and  Japan. 
The  former  and 
more  important 
class  is  produced 
by  the  common 
silkworm,  or  cater- 
pillar of  the  moth 
Bomhyx  mori  (Fig. 
11),  which  has  be- 
come the  subject  of  special  culture.  The  chief  seats  of 
the  silkworm  culture  are  Southern  Europe  (including  the 
South  of  France,  Italy  and  Turkey),  China  and  India. 

The  eggs  of  the  European  silk  moth  are  about  the 

'         "  'of 


Fig.  11.— Silk  Moth  {Bomhyx  mori). 


size  and  shape   of  popi)y   seeds.      One 


weight 
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them  contains  about  1,350  eggs.  They  have  at  first  a 
yellowish  colour,  which,  however,  on  drying,  changes  to 
grey.  The  rearing  of  the  silkworm  is  mainly  conducted 
in  specially-arranged  establishments,  called  Mag  naileries. 
In  these,  the  incubation-chamber  is  a  well-lighted,  airy 
room,  where  the  eggs  are  spread  out  on  sheets  of  paper 
resting  on  lattice-work.  A  certain  suitable  degree  of 
moisture  is  maintained,  and  the  temperature  is  gradually 

raised  in  the 
course  of  about 
ten  or  twelve 
daj'sfrom  18^  C. 
to  25°  C.  The 
young  caterpil- 
lars, as  soon  as 
they  appear,  are 
taken  to  a  more 
roomy  chamber, 
in  which  there 
is  erected  a 
lath  framework 
strung  across 
with  threads  and 
sheets  of  paper. 
Here  th  e  anim  al  s 
are  regularly  fed  during  thirty  to  thii'ty-three  days,  till, 
indeed,  they  begin  to  spin.  Their  food  consists  of  the  leaves 
of  the  mulberry  tree,  J  for  us  alha,  hence  the  silk  is  fre- 
quently termed  Mulberry/  silk.  During  the  feeding  period 
the  silkworm  (Fig.  12)  increases  enormously  in  size,  be- 
coming at  length  about  eight  to  ten  centimetres  long  and 
about  five  grams  in  weight.  As  might  be  expected,  such 
a  rapid  and  enormous  development  necessitates  a  frequent 
renewal  of  the  skin,  and  moulting  takes  place  three  or  four 
times,  at  tolerably  regular  inter^-als  of  four  to  six  days.  On 
or  about  the  thirtieth  day  the  animal  ceases  to  take  food, 
and  evinces  a  restless  acti\T.ty.  At  this  period  it  is  placed 
on   birch    twigs,    ^tc,     where   it    soon  begins   to    spin. 


rig.  12. — Siltworm  onMulbeny  Leaf. 
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The  silk  substance  is  secreted  by  two  glands  symmetri- 
cally situated  on  each  side  of  the  body  of  the  caterpillar, 
below  the  intestinal  canal.  Each  gland,  as  shown  in 
Fig.  13,  consists  of  three  parts  :  a  narrow  tube  ic  with 
numerous  convolutions,  the  veritable  secreting  portion  ; 
a  central  part  (c  b)  somewhat  expanded,  and  constituting 
the  reservoir  of  the 

A 


silk  substance ;  a 
capillary  tube  B  A, 
connecting  the  re- 
servoir with  a  simi- 
lar capillary  canal 
at  A,  common  to 
both  glands,  and 
situated  in  the  head 
of  the  animal, 
whence  issues  the 
silk. 

The  silk  sub- 
stance as  contained 
in  the  central  re- 
servoir is  a  clear, 
colourless,  gelatin- 
ous liquid.  Accord- 
ing to  Duseigneur, 
this  is  surrounded 
by  a  layer  of  another 
substance,  colour- 
less when  the  silk  is  white,  coloured  when  it  is  yellow, 
and  which  possibly  constitutes  the  silk-gum  to  be 
alluded  to  subsequently.  The  whole  is  enclosed  in  a  thin 
membrane.  A  transverse  section  (Fig.  14)  shows  that  it 
occupies  a  space  equal  to  20 — 25  per  cent,  of  the  total 
volume,  a  proportion  which  corresponds  somewhat  to  the 
loss  sustained  by  raw  silk  during  the  operation  of  "  boil- 
ing-off." 

Arrived  in  the  capillary  tube  at  A  (Fig.  13),  the  silk 
substance  solidifies,  and  issues  from  the  spinneret  in  the 


Fig.  13.— The  Silk  Glands  of  the  Silkworm. 
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form  of  a  double  fibre,  as  represented  in  Fig.  15.  Occa- 
sionally the  two  fibres  may  be  slightly  separated  at  in- 
tervals, and  form  then  at  these  points  two  transparent 
solid  cylinders. 

In  the  beginning  of  its  spinning  operations  the  silk- 
worm throws 
round  about 
itself  a  light 
scatfolding,  as 
it  were,  of 
short  fibres 
connecting  the 
neighbouring 
points  of  sup- 
port. When 
this  is  completed  its  movements  become  slower,  and  by 
moving  its  head  from  side  to  side  it  gTadually  forms  and 
Hnes  its  dwelling  with  numerous  layers  of  what  may  be 
termed  silken  lattice- work. 

Towards  the  interior  the  lavers  become  firmer  and 


Fig.  14. — Section  of  Sllk-trag. 


Fig.  15.— X.  r   : :   pic  Appearance  of  Saw  £Blk  FflK<& 


denser,  while  the  innermost  one,  which  immediately  pro- 
tects the  animal,  forms  a  thin  parchment- like  skim  The 
egg-shaped  product  is  called  a  cocoon  (Fig.  16).  It  is 
made  up  of  a  double  fibre,  only  rarely  broken,  varying 
in  length  from  350  to  1,250  metres,  and  with  a  diameter 
of  about  0"01S  millimetre.  Each  fibre  is  thickest  in  the 
outermost  portion  of  the  cocoon,  and  becomes  thinner 
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towards  the  interior,  owing  to  the  exhaustion  of  the  cater- 
pillar from  want  of  food  during  the  spinning  process. 

The  cocoons  are  white  or  yellow,  contracted  in  the 
centre,  about  3  centimetres  long,  and  1  -5 — 2  centimetres 
thick. 

As  soon  as  the  metamorphosis  of  the  caterpillar  into 
the  chrysalis  state  is  completed,  the  cocoons  are  collected. 
Those  which  are  intended  for  breeding  purposes  are 
left  to  themselves  in  a  room  heated  to  19° — 20°  C.  Three 
weeks  after  the  spinning  of  the 
cocoon,  the  silk  moth,  which 
has  now  been  formed  in  the 
interior,  emits  a  peculiar  kind 
of  saliva ;  with  this  the  animal 
softens  one  end  of  the  cocoon, 
and  pushes  its  way  out.  A  few 
days  after  the  females  have  laid  I'i?- 16— Silt  Cocoon. 

their  eggs  they  die,  not  being 

provided  with  any  organ  of  nutrition.  The  eggs  are 
slowly  dried,  and  stored  in  glass  bottles  in  a  dry  dark 
place  till  the  following  spring. 

Experience  has  shown  that  the  worms  issuing  from  100 
grams  of  eggs  consume  3,500 — 5,000  kilograms  of  leaves, 
and  produce,  under  favourable  conditions,  87,900 — ■ 
117,200  cocoons,  weighing  150 — 200  kilograms,  and 
these  yield  12 — 16  kilograms  of  reeled  silk. 

In  their  natural  state  cocoons  contain  generally  : — 

Moisture         .         .         .         .  68-2  per  cent. 

Silk 14-3      „ 

Floss   (bourre)         .         .         .  0*7      ,, 

Chrysalis         .         .         .         .  16-8      ,, 

The  good  silk  is  obtained  from  those  cocoons  of  which 
the  pupae  are  killed,  either  by  heating  the  cocoons  for  two 
to  three  hours  in  an  oven  heated  to  60° — 70°  C,  or  by 
means  of  steam.  The  latter  method  is  the  more  general, 
the  apparatus  consisting  essentially  of  a  boiler  for  gene- 
rating the  steam,  and  a  steam-box  in  which  the  cocoons 
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are  placed.  When  subjected  to  steam,  the  pupse  are 
killed  in  ten  or  twelve  minutes. 

The  external  loose  flossy  silk  is  first  removed,  and  the 
cocoons  are  thrown  into  baskets,  which  are  then  placed 
in  the  steaming-box.  When  taken  out,  the  cocoons  are 
put  between  woollen  blankets,  so  that  the  heat  may  be 
retained  and  its  effect  continued  a  little  longer.  After  a 
few  hours  they  are  spread  out  on  tables,  and  shovelled 
about  till  perfectly  dry.  This  last  operation  is  specially 
requisite  with  such  cocoons  as  cannot  be  reeled  off  at  once. 
Although  the  killing  of  the  cocoons  by  steam  has 
the  great  advantage  that  there  is  no  fear  of  the  silk  itself 
being  damaged  by  overheating,  still  it  has  certain  defects. 
The  most  serious  are,  that  some  of  the  pupse  burst  and 
soil  the  silk,  and  that  the  fibres  soften  somewhat,  and 
tend  to  stick  together,  rendering  the  subsequent  reeling 
more  diflScult. 

After  killing,  the  cocoons  are  "  sorted,"  or  divided 
into  classes  of  different  quality.  In  every  piece  of  woven 
silk  the  warp  threads  have  to  bear  the  greatest  strain, 
and,  as  a  rule,  must  appear  on  the  surface  of  the  fabric, 
hence  the  best  cocoons  are  chosen  for  the  warp,  since 
they  must  yield  strong,  smooth,  even,  and  lustrous 
fibres.  These  fibres,  too,  in  the  subsequent  process  of 
reeling,  are  manipulated  somewhat  difierently  from  the 
weft-fibres.  The  product  of  this  choice  and  particular 
treatment  forms  the  best  quality  of  silk,  i.e.,  warp-silk, 
which  is  known  as  Organzine.  A  somewhat  inferior 
class  of  cocoons  is  worked  up  to  form  weft-silk,  or  Tram. 

39.  Raw  Silk. — In  the  reeling  process  a  number  of 
cocoons  (4 — 18)  are  thrown  into  a  basin  of  warm  water, 
in  order  to  soften  the  gummy  envelope  of  the  fibres, 
thus  permitting  their  ready  separation  from  the  cocoon, 
and  also  to  cause  the  subsequent  agglutination  of  what- 
ever number  of  fibres  may  be  thrown  together  to  form 
a  single  thread.  During  this  reeling  process  two  threads, 
composed  of  an  equal  number  of  fibres,  are  passed 
separately  through  two  perforated  agate   guides ;  after 
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being  crossed  or  twisted  together  at  a  given  point,  they 
are  again  separated,  and  passed  through  a  second  pair  of 
guides,  thence  through  the  distributing  guides  on  to  the 
reel.     The  object  of  this  temporary  twisting  or  crossing 


Fig.  17.— Silk-reeling  Machine. 


(Fr.  croissage)  is  to  cause  the  agglutination  of  the  indiW- 
dual  fibres  of  each  thread,  and  to  aid  in  making  the  latter 
smooth  and  round. 

Fig.  17  shows  a  silk -reeling  machine  as  used 
in  Italy  and  Southern  France.  The  following  are  the 
principal  parts  :  a,  a  tinned  copper  basin  of  hot  water, 
containing  the  cocoons  for  reeling  -    it  is  heated  either 
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by  steam  or  by  means  of  a  stove;  b,  ''filieres,"  or  per- 
forated agate  discs,  through  which  pass  the  several  fibres 
destined  to  form  a  raw -silk  thread;  c,  a  "  croiseur," 
used  for  the  purpose  of  crossing  the  fibres  together; 
D,  a  guide  which  moves  slightly  from  side  to  side,  and 
distributes  the  silk  on  the  reel  to  ])revent  the  threads 
from  sticking  to  each  other ;  E,  the  reel  proper,  whicli  is 
made  to  revolve  and  wind  the  silk  from  the  cocoons.  The 
unequal  diameter  of  each  fibre  at  ditferent  portions  of  its 
length  is  taken  into  account  by  the  reeler  when  introdu- 
cing new  fibres  into  the  thread  to  replace  those  which  have 
run  out.  The  quality  of  raw-silk  depends  very  much 
indeed  upon  the  care  bestowed  on  the  reeling  process. 

The  loss  through  removal  of  the  external  floss  {bourre) 
varies  from  18  to  30  per  cent.,  according  to  the  cocoons 
and  the  care  bestowed  by  the  worker. 

Reeled -silk,  or  raw -silk,  as  it  is  generally  termed, 
constitutes  the  raw  material  of  the  English  silk  manu- 
facturer. Before  being  used  for  weaving,  two  or  more  of 
the  raw-silk  threads  are  "  thrown  "  together  and  slightly 
twisted  by  the  silk  spinner,  or  "  throwster/'  and  in  this 
way  the  various  qualities  of  Organzine  and  Tram — also 
embroidery-sewing  silks,  <kc. — are  produced. 

A  very  brief  description  of  the  operations  involved 
may  suffice.  The  preliminary  processes  of  "  winding  "  and 
"cleaning"  are  followed  by  that  of  "doubling,"  which 
simply  consists  in  placing  two  threads  ("  singles  ")  side 
by  side,  and  winding  them  together  without  twist.  The 
so-called  "  spinning  "  of  silk  consists  merely  in  twisting 
the  threads  either  before  or  after  doubling. 

The  "  Tram,"  already  alluded  to,  is  the  product  of  the 
union  of  two  or  more  single  untwisted  threads,  which  are 
then  doubled  and  slightly  twisted. 

''  Organzine "  is  produced  by  the  union  of  two  or 
more  single  tlu'eads  separately  twisted  in  the  same  direc- 
tion, which  are  doubled  and  then  re-twisted  in  the  oppo- 
site direction. 

40.  Waste-silk  is  that  which  proceeds  from  perforated 
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and  double  cocoons,  and  such  as  are  soiled  in  steaming ; 
also  the  extreme  outer  and  inner  portions  of  the  cocoon  : 
in  short,  all  silk  obtained  from  cocoons  in  any  way  soiled 
or  unable  to  yield  a  continuous  thread.  The  killed 
chrysalides  can  be  used  as  a  source  of  oil,  and  the  residue 
after  extraction  may  serve  for  manure. 

All  such  waste- silk  materials  are  washed,  boiled  with. 
soap,  and  dried.  They  are  afterwards  carded  and  spun 
like  cotton,  and  yield  the  so-called  Spun  silk.  Schappe 
silk  is  a  similar  product,  made  from  waste  silk  without 
previous  boiling. 

Careful  examination  of  the  perforated  cocoons  has 
revealed  the  fact  that  their  fibres  are  not  discontinuous. 
The  moth  does  not  eat  its  way  out  of  the  cocoon,  but 
rather  pushes  aside  the  pre\T.ously  softened  fibres.  At- 
tempts made  to  reel  these  cocoons  by  the  ordinary  methods 
have  failed,  since  the  cocoons  soon  fill  with  water  and 
sink.  The  problem  of  causing  the  cocoons  to  float  is  said 
to  have  been  recently  solved  by  introducing  small  india- 
rubber  cells  in  a  compressed  state,  and  then  blowing 
them  out. 

41.  Wild  Silk.— Of  "  wild  silks,"  the  most  important 
is  the  Tussur  silk  (Hindustani,  Tusuru,  a  shuttle),  also 
called  Tusser,  Tasar,  Tussore,  and  Tussah.  It  is  the  pro- 
duct of  the  larva  of  the  moth  AnthercBa  mylitta. 

The  Tussur  moth  is  found  in  nearly  all  parts  of 
India,  where  it  seems  to  feed  on  a  large  variety  of 
plants.  In  some  districts  it  is  reared  by  the  natives. 
The  cocoons,  which  are  much  larger  than  those  of 
Bomhyx  rtiori,  are  egg-shajjed  and  of  a  silvery  drab 
colour.  They  are  attached  to  the  twigs  of  the  food-trees 
by  a  peduncle  having  a  terminal  ring.  The  outer  silk 
is  somewhat  reddish,  and  consists  of  separate  fibres  of 
various  length,  while  the  rest  is  generally  unbroken  to 
the  centre  of  the  cocoon.  The  cocoon  is  extremely  firm 
and  hard,  the  fibres  being  cemented  together  by  a 
peculiar  secretion  of  the  animal,  which  permeates  the 
whole  wall  of  the  cocoon^  and  imparts  to  it  its  drab  colour. 
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Tussur  silk  is  used  for  the  manufacture  of  the  well- 
known  drab  or  buff-coloured  Indian  silks.  The  cocoons 
are  boiled  and  carded,  or  even  reeled,  although  this  latter 
process  presents  difficulties.  Silk  plush  is  largely  made 
from  carded  Tussur  silk. 

Other  wild  silks  are,  Eria  silk,  from  Attacus  ricini  ; 
Muga   silk,   from    Anthercea  assama ;    Atlas   silk,  from 


Fig.  18.— Microscopic  Appearance  of  Tussur  Silk  Fibre. 

Attacus  atlas  ;  Yania-mdi  silk,  from  the  Anthera^a  yama- 
ma/i  of  Japan,  (fee. 

Under  the  microscope  a  raw  mulberry-silk  fibre  ap- 
])e3ivs  as  a  double  fibre  (Fr.  bare)  consisting  of  two  solid 
structureless  cylinders  (Fr,  hrin),  more  or  less  united 
together  (Fig.  15):  after  "boiling-off"  with  soap,  how- 
ever, this  double  fibre  separates  into  a  pair  of  distinct 
fibres,  ha^"ing  a  more  or  less  irregular,  somewhat  rounded 
triansfular  section. 

Wild  silk  is  distinguished  from  mulberry  silk  by  the 
longitudinal  striations  seen  in  each  of  the  double  fibres 
when  under  microscopic  examination  (Fig.  18),  and  by  the 
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apparent  contraction  of  the  fibre  at  certain  points.  The 
former  are  due  to  the  fact  that  the  wild-silk  fibre  is  com- 
posed of  a  large  number  of  fibrils,  while  the  latter 
appearance  is  seen  because  the  more  or  less  flattened 
fibres  are  twisted  at  the  contracted  points. 

42.  Physical  Properties. — The  most  important  phy- 
sical properties  of  silk  are  its  lustre,  strength,  and  avidity 
for  moisture. 

One  other  distinctive  property  which  it  possesses 
in  certain  conditions  is  that  of  emitting  a  peculiar  crisp, 
crunching  sound  (Fr.  cri),  e.g.,  when  a  bundle  of  silk  yarn 
is  tightly  twisted  and  pressed  together.  This  peculiar 
property  is  called  the  "  scroop "  (Fr.  craquant)  of  the 
silk,  and  no  doubt  gives  rise  to  the  rustling  noise  heard 
when  two  pieces  of  silk  fabric  rub  lightly  against  eacli 
other. 

The  intensity  of  the  phenomenon  varies  with  the 
nature  of  the  dyeing  and  mechanical  processes  adopted, 
with  the  diameter  and  twist  of  the  threads,  &c. 

The  property  is  absent  in  raw-silk  and  in  "boiled- 
off,"  or  in  "souple"  silk;  it  is  only  manifested  if  the 
last  bath  or  solution  through  which  the  silk  has  passed 
contained  an  acid  salt  or  free  acid.  Silk  which  has  been 
worked  in  a  neutral  or  alkaline  bath — e.g.,  a  soap  bath — 
possesses  no  "  scroop."  No  sufficient  explanation  of  the 
action  of  acid  in  producing  scroop  has  been  given,  but  it 
is  not  improbable  that  acids  cause  the  fibres  to  become 
more  rough  or  irregular  on  the  surface,  so  that  when 
submitted  to  pressure  they  slip  past  each  other  with  a 
jerky  movement. 

When  it  is  desired  to  impart  scroop  to  the  silk 
after  dyeings  it  is  submitted  to  a  special  treatment.  Very 
often  it  is  first  passed  through  a  weak  soap  bath  or  an 
oil  emulsion,  and  then  into  a  weak  acid  bath,  or  it  is 
introduced  into  a  bath  which  is  both  oily  and  acid.  {See 
Black  Silk  Dyeing,  p.  337.) 

In  order  to  develop  all  the  qualities  of  softness  and 
brilliancy  of  which  silk  is  capable,  it  is  submitted  (while 
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still    in    tlie   form   of  hanks   of  yarn)   to   the  following 
mechanical  operations  : — 

43.  Shaking  Out  (Fr.  secouage).- — The  object  of  this 
is  to  open  out  or  beat  out  the  hanks  of  silk^  and  to  give 
the  latter  a  uniform  appearance  by  removing  all  tendency 
to  curl  or  wrinkle.  It  is  generally  performed  after  dry- 
ing, but  if  before,  the  drying  is  greatly  facilitated.  It 
consists  in  hanging  the  hank  of  yarn  on  a  strong  smooth 
wooden  peg  fixed  to  the  wall,  and  inserting  a  smooth 
wooden  rod  in  the  loop,  which  is  then  vigorously  and 
quickly  pulled.  The  point  of  suspension  is  frequently 
changed,  and  the  shaking  out  is  repeated.  The  operation 
may  also  be  done  by  a  machine  of  M.  Cesar  Corron,  St. 
Etienne,  with  the  utmost  regularity. 

44.  Stringing  or  Glossing  (Fr.  chevillage). — This 
operation,  which  was  originally  only  performed  in  con- 
junction with  the  "  shaking-out "  for  the  purpose  of 
straightening  the  threads,  and  dressing  the  hanks  after 
diverse  operations  of  the  dye-house,  has  now  acquired 
increased  importance,  particularly  in  the  case  of  souples. 
With  these  it  forms  the  final  operation,  the  silk  being 
operated  upon  in  the  dry  state.  Its  object  in  this  case 
is  to  complete  the  separation  of  the  double  silk  fibre  into 
its  constituent  fibres,  and  to  add  lustre. 

The  o]3eration  consists  in  twisting  the  hanks  of  silk 
when  perfectly  dry.  They  are  hung  on  pegs,  as  in  the 
last  operation,  which  it  generally  succeeds.  A  stated 
and  progressive  tension  is  thus  given,  which  adds  soft- 
ness and  brilliancy  to  the  fibres.  This  operation  can 
also  be  performed  with  a  machine,  a  representation  of 
which  is  given  in  Figs.  19  and  20. 

The  stringing  machine  (Fig.  19)  is  composed  of 
a  series  of  horizontal  pegs  A,  which  can  be  made  to 
revolve  by  means  of  the  lever  and  ratchet  L  and  the 
cog-wheels  k.  A  second  series  of  horizontal  rollers  b, 
situated  directly  beneath  the  pegs  A,  are  fixed  on  elbow- 
shaped  spindles.  They  are  capable  of  two  movements, 
namely,  that  of  revolving   on  their  own  axis — i.e.,  the 
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horizontal  axis  of  the  elbow — as  loose  pulleys,  and  also  at 
right  angles  to  this,  by  the  revolution  of  the  vertical 
spindle  of  the  elbow.  This  last  movement  is  caused  as 
follows  :  Each  spindle  is  supported  by  a  collar  on  a  box 
u,  enclosing  a  cog-wheel,  which  is  revolved  by  a  ratchet ; 
this  is  actuated  by  the  backward  and  forward  movement 
of  the  horizontal  arm  d  imparted  by  the  frame  H,  through 
the  medium  of  the  cog-wheels  f  and  G  and  the  pulley  e. 

Each  spindle  is  also  capable  of  sliding  up  and  down. 
Attached  to  the  bottom  of  the  roller-pegs  b  (Fig.  20)  are 
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the  weights  c,  which  can  either  be  raised  separately  by 
the  jointed  levers  m  pressing  against  the  pulley  v,  or  all 
together  by  means  of  the  handle  r.  When  this  handle 
is  turned,  the  cog-wheels  s  cause  the  pulley  p  to  revolve, 
the  counterpoise  o  descends,  and  the  weights  c,  together 
with  spindles  and  roller  pegs  B,  are  raised. 

Suppose  now  the  hanks  of  silk  are  slung  over  the 
pegs  A  and  B ;  by  the  action  of  the  ratchet  and  lever  d 
the  roller  pegs  b  revojve  and  the  hanks  are  twisted,  the 
pegs,  weights,  &c.,  being  at  the  same  time  raised  by  the 
shortening  of  the  hanks.  Automatically  the  movement 
of  the  lever  d  is  reversed,  the  hanks  untwist,  and  are 
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kept  in  the  stretched  condition  by  the  descending  weights. 
At  a  given  moment,  namely,  just  when  the  hanks  are 
entirely  untwisted,  the  lever  L  comes  into  play,  and  causes 
a  slight  rotation  of  the  pegs  A,  so  that  the  hanks  become 
suspended  in  a  fresh  position,  to  be  again  twisted  by  the 
action  of  the  lever  d.  The  whole  of  the  movements 
are  automatic,  and  by  a  few  repetitions  of  this  twisting, 
untwisting,  and  displacement  of  the  hanks,  the  operation 
is  complete. 

In  some  cases  {e.g.^  with  sewing  silks),  stringing  con- 
sists simply  in  twisting  the  hanks  of  silk  as  tightly  as 
possible,  then  placing  the  peg  in  a  locked  position,  and 
leaving  the  hanks  in  this  tightly  twisted  condition  for 
several  hours.  The  operation  may  be  repeated  frequently 
during  from  ten  to  tifteen  days.  Its  object  is  to  give 
increased  lustre. 

45.  Silk  Lustreing.  —  This  operation,  effected  by 
means  of  the  machine  represented  in  Fig.  21,  serves  to 
impart  the  maximum  of  brilliancy  to  the  fibre.  It  also  fa- 
cilitates the  subsequent  winding.  The  dyed  and  dried,  or 
sometimes  incompletely  dried,  silk  is  submitted  to  a 
gentle  stretching  between  two  polished  steel  rollers,  c  and 
D,  revolving  in  the  same  direction,  and  enclosed  in 
a  cast-iron  box,  the  lid  A  and  side  B  of  which  can  be 
rapidly  removed  when  necessary.  During  the  rotation 
of  the  cylinders,  steam  at  a  moderate  pressure  is  allowed 
to  enter.  The  stretching  is  effected  by  drawing  the  roller 
c  away  from  d  by  means  of  the  hook  F,  actuated  by  the 
cog-wheels  at  e. 

The  brilliant  mother-of-pearl  lustre  possessed  by  silk 
undoubtedly  gives  it  the  place  of  honour  among  all 
textile  fil)res. 

46.  Tenacity  and  Elasticity  of  Silk. — The  specific 
gravity  of  silk  is  1-367.  Its  tenacity  and  elasticity  are 
remarkably  great.  The  former  is  said  to  be  little  inferior 
to  that  of  a'  good  quality  of  iron  wire  of  equal  diameter, 
while  the  latter  is  such  that  a  silk  fibre  can  be  stretched 
\  —  -i  of  its  original  length  without  breaking.     These 
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pn^warties  are  taken  advantage  of  in  the  operations  of 
Hhaking  ont,  stringing,  and  lustreing,  as  described  abo^'e. 
The  finest  silk  is  proportionally  the  strongest  and  most 
tena<!ious.  Damp  silk  is  less  tenacious  and  more  elastic 
than  diy  silk. 

If  perfectly  dried  silk  is  wetted  with  water,  it  con- 
tracts about  0-7  per  cent.,  and  still  more  if  the  water 
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contains  mineral  or  organic  substances  which  penetrate 
the  fibre  and  clause  it  to  swell  up.  These  effects  take 
place  during  the  various  oj:>erations  of  dyeicg  ;  hence  the 
neoe^ity  of  stringing,  stretching,  and  lustreing,  above  al- 
luded to,  in  order  to  prevent  or  counteract  the  contraction. 
The  tenacity  and  elasticity  of  raw- silk  reside  largely 
in  its  external  coating  of  silk-glue.  By  boiling-off  with 
soap,  it  loses  30  j:>er  cent,  of  its  tenacity,  and  45  per 
cent,  of  its  elasticity. 
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These  properties  vary  in  weighted  silk,  according 
to  the  nature  of  the  weighting.  If  the  fibre  is  simply 
coated  with  such  substances  as  gelatin,  albumen,  starch, 
ttc,  the  tenacity  will  be  as  a  rule  increased,  but  if  the 
weighting  materials  employed  penetrate  the  substance  of 
the  fibre,  and  cause  it  to  swell  in  a  greater  or  less 
degree,  the  natural  properties  of  the  silk  will  be  modified 
accordingly.  Some  agents,  like  the  simple  colouring 
matters,  have  no  appreciable  influence,  while  others,  e.g.j 
astringents  and  metallic  salts,  when  used  in  large  excess, 
gi-adually  destroy  the  valuable  properties  of  silk  entirely. 
{See  Black  Silk  Dyeing,  p.  332.) 

If  silk  is  heated  to  110^  C.  it  loses  all  its  natural 
moisture,  but  remains  otherwise  quite  unchanged. 
Exposed  to  170^  C,  and  higher,  it  soon  begins  to 
decompose  and  carbonise.  If  a  silk  fibre  be  inserted 
in  a  flame  it  has  the  appearance  of  fusing  like  wool,  but 
it  does  not  give  ofl"  quite  such  a  disagreeable  odour. 

Silk  is  a  very  bad  conductor  of  electricity,  and  since 
it  readily  becomes  electric  by  friction,  this  condition,  once 
acquired,  is  very  persistent,  and  is  apt  to  become  a  source 
of  trouble  during  the  mechanical  operations  involved  in 
manufacturing.  The  most  effective  mode  of  overcoming 
the  difficulty  is  to  keep  the  atmosphere  of  the  work- 
rooms in  a  suitable  state  of  humidity. 

In  its  boiled-off"  and  pure  state  silk  resists  ordinary 
decay  most  thoroughly,  and  it  is  rarely  attacked  by 
insects. 

47.  Silk  Conditioning'. — If  raw  sUk  be  kept  in  a 
humid  atmosphere  it  is  capable  of  absorbing  thirty  per 
cent,  of  its  weio:ht  of  moisture  without  this  beins:  at  all 
perceptible.  This  circumstance,  coupled  with  the  high 
price  of  raw  silk,  makes  it  of  very  gi-eat  importance  to 
those  who  trade  with  it  to  know  exactly  what  weight 
of  normal  silk  there  is  in  any  given  lot  which  may 
be  the  subject  of  commercial  dealings.  To  ascer- 
tain this  information  there  have  been  established,  in 
about  thirty-seven  centres  of  the  silk  industry,  so-called 
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conditioning  establishments,  e.g.,  in  Lyons,  Crefeld, 
Zurich,  Bale,  Turin,  Milan,  Vienna,  Paris,  London, 
&c.,  &c. 

Fig.  22  shows  the  external  appearance  of  the  essen- 
tial apparatus  of 
such  an  establish- 
ment, namely, 
the  desiccator. 
It  consists  of  an 
enamelled  cylin- 
drical hot  -  air 
chamber.  One 
arm  of  a  fine 
balance  sustains 
a  crown  of  hooks, 
to  which  are  at- 
tached the  skeins 
of  silk  to  be 
dried.  The  sus- 
pending wire 
passes  through  a 
small  opening  in 
the  cover  of  the 
cylinder.  The 
other  arm  of  the 
balance  carries 
the  ordinary  pan 
for  weights. 

Fig.  23  gives 
a  vertical  section 
of  the  chamber. 

Hot  air  at  110°  C.  enters  by  the  tube  A  from  a  stove  situ- 
ated in  a  cellar  below,  passes  into  the  space  B,  and  thence 
by  thirty-two  vertical  tubes,  t,  placed  between  the  two 
concentric  cylinders  c  and  D,  it  enters  the  upper  por- 
tion of  the  inner  cylinder  d.  The  hot  air  descends, 
dries  the  silk,  and  escapes  by  the  tubes  e,  which  com. 
manicate  with  the  exit  flue.     The  apparatus  is  provided 
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vrith  a  valve  v,  actuated  by  the  lever  k  (Fig.   22)  for 
resnilating:  or  shutting  off  the  current  of  hot  air. 

The  air  -which  passes  outside  the  brickwork  of  the 
stove,  and  is  thus  heated  only  to  a  moderate  degree,  passes 
upwards  between  the  cylinders  c  and  D  into  the  space  r; 
by  means  of  the  button  l,  which  actuates  a  slide-valve, 
its  entrance  into  the  central  chamber  can  be  regulated. 
By  means,  therefore,  of  the  le^•er  K  and  the  button  L,  the 
supply  of  hot  and  cold  air  into  the  central  chamber  can  be 
regulated  to  a  nicety,  and  the  temperature  of  the  mix- 
ture is  ascertained  by  the  thermometer  T,  The  button  s 
actuates  the  valve  M,  which  cuts  off  communication  with 
the  exit  flue  and  stops  the  current  of  air  during  a  final 
weighing  operation. 

Several  hanks  of  silk  are  taken  from  the  bale  to  be 
tested  and  diNided  into  three  lots,  in  order  to  be  able  to 
make  two  parallel  determinations,  and  a  third  if  necessary. 
TJie  weight  is  first  rapidly  taken,  under  ordinary  circum- 
stances, on  a  fine  balance ;  the  hanks  are  then  suspended 
in  the  desiccator  and  counterpoised,  and  the  hot  air 
current  is  allowed  to  circulate  till  no  further  loss  of 
weight  takes  place.  One  opei'ation  may  la.st  from  a  half 
to  three-quarters  of  an  hour. 

The  average  loss  of  weight  usually  met  with  is  about 
12  per  cent.  Absolutely  dry  silk  is  not  reckoned  as  the 
standard  article,  but  such  as  contains  about  90  per  cent. 
dry  silk  and  10  per  cent,  moisture.  The  legal  weight 
is  really  obtained  by  adding  11  per  cent,  to  the  dry 
weight, 

48.  Chemical  Composition. — The  silk  fibre  has  been 
the  subject  of  numerous  chemical  researches,  the  general 
result  of  which  may  be  summed  up  by  saying  that  it  is 
composed  essentially  of  two  distinct  parts  :  first,  that 
constituting  the  central  portion  of  the  fibre,  and  secondly, 
a  coating,  or  envelope,  consisting  apparently  of  a  mix- 
ture of  substances  mostly  removable  by  hot  water,  or,  at 
any  rate,  by  solvents  which  have  little  or  no  action  on 
the  central  portion- 
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Fibroin. — In  oi'der  to  determine  the  character  and 
amount  of  these  several  substances,  Mulder  submitted 
Taw  Italian  silk  to  the  successive  action  of  boiling  water, 
alcohol,  ether,  and  hot  acetic  acid,  and  in  this  way- 
obtained  in  a  comparatively  pure  state  the  central  silk 
substance,  to  which  he  assigned  the  name  Fibroin.  The 
following  numbers  give  the  results  of  his  analysis  : — 


Yellow 

White 

Italian  silk. 

Levant  silk. 

Silk  fibre  (fibrom) 

53-35 

64-05 

Matters  soluble  in  water 

28-86 

28-10 

,,            „          alcohol 

1-48 

1-30 

„             „          ether 

0-01 

005 

„            „          acetic  acid 

16-30 

16-50 

100-00 

100-00 

By   a  further  examination 

of  the  substances   which 

each  solvent  had  extracted, 

he 

arrived  at 

the  following 

more  detailed  analysis  : — 

Yellow 

White 

Italian  silk. 

Levant  silk. 

Fibrom    ..... 

53-37 

54-04 

Gelatra 

20-66 

19-08 

Albumen 

24-43 

25-47 

Wax 

1-39 

Ml 

Colouring  matter     . 

0-05 

0-00 

Resinous  and  fatty  matter 

0-10 

0-30 

100-00 


100-00 


Mulder  explains  that  on  evaporating  the  aqueous 
solution  to  dryness,  the  residue  would  not  entirely  re- 
dissolve  in  water.  This  insoluble  portion,  therefore,  and 
that  which  is  dissolved  by  acetic  acid,  has  been  reckoned 
as  albumen.  Exception  has  been  taken  by  Bolley 
with  regard  to  the  presence  of  this  albumen,  for  if  it  is 
borne  in  mind  that  the  temperature  employed  in  killing 
the  cocoons,  and  that  of  the  water  used  during  the 
reeling  process,  is  such  as  to  coagulate  any  albumen 
which  might  possibly  be  present,  it  is  highly  improbable 
that  raw  silk  would  contain  any  soluble  albumen. 
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Fui-ther,  it  has  been  shown  that  living  cocoons,  which 
have  not  therefore  been  submitted  to  any  steaming 
process,  but  have  simply  been  opened  and  heated  with 
tepid  water,  contain  no  albumen.  Fibroin  itself,  too,  is 
known  to  be  somewhat  soluble  in  strong  acetic  acid,  so 
tliat  it  may,  on  the  whole,  be  concluded,  that  what  Mulder 
found  to  be  soluble  in  acetic  acid  was  not  albumen,  but 
altered  fibroin,  and  that  the  percentage  of  this  latter  sub- 
stance in  silk  which  he  gives,  is  too  low. 

By  heating  raw  silk  for  several  hours  with  water  at 
133^  C,  a  residue  of  fibroin  is  obtained  which,  after  the 
removal  of  fattv  matter  bv  ether,  and  coloui'ino^  matter 
by  alcohol,  represents  66  per  cent,  of  the  weight  of  the 
silk.  Even  this  figure  may  possibly  be  too  low,  since 
the  usual  loss  in  practice  during  the  operation  of  "  boil- 
ing-off "  is  25-30  per  cent. 

Tlie  percentage  composition  of  pure  Fibroin  has  been 
variously  stated,  probably  owing  to  the  different  hygro- 
metric  state  of  the  fibres  examined.  Cramer  gives  the 
formula  as  C^jH.^oX-Og. 

Sericin. — That  portion  of  silk  which  is  soluble  in 
waiTQ  water  can  be  precipitated  from  its  solution  by  lead 
acetate.  By  submitting  this  precipitate  to  a  somewhat 
t-edious  series  of  operations — such  as  washing  with  water, 
suspending  in  water  and  decomposing  with  sulphui-etted 
hydi'ogen,  filtering,  and  evaporating  the  filtered  solution, 
precipitating  and  extracting  with  alcohol,  then  with 
ether — it  is  possible  to  obtain  the  essential  constituent  of 
the  external  envelope  of  the  silk  fibre  as  a  colourless, 
odourless,  tasteless  powder.  It  swells  up  in  cold  water, 
and  is  somewhat  more  soluble  in  hot  water  than  gelatin. 
A  six  per  cent,  solution  of  it  gelatinises  on  cooling,  and 
its  solutions  are  precipitated  by  alcohol,  tannic  acid,  and 
metallic  salt  solutions.  ^ytogether.  its  physical  and 
chemical  properties  are  very  similar  to  those  of  glue  and 
gelatin  ;  hence  Sei'iciri  is  often  called  sUhglu€j  sometimes 
also  sUk-gum.  Its  chemical  composition  is  represented 
by  the  formula — CijHj^N^Og. 
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It  is  distinct  from  ordinary  glue,  however,  according 
to  some  observers,  since  when  boiled  with  dilute  mineral 
acids  it  yields  different  products. 

If  the  formulae  given  for  fibroin  and  sericin  be  com- 
pared, a  relationship  is  apparent  which  may  be  expressed 
by  the  following  equation  : 

C15H23X5O6  +  0  +  H20=Ci5H,,N,08 

Fibroin.  Sericiu. 

Although  these  formulae  can  only  be  considered  as 
representing  approximately  the  percentage  composition 
of  these  two  bodies,  the  above  comparison  has  been 
taken  by  some  as  an  indication  that  originally,  i.e.,  at 
the  moment  of  secretion,  the  silk  fibre  is  probably  a 
homogeneous  substance,  which,  by  the  action  of  the  air 
and  moisture,  rapidly  becomes  altered  superficially. 
This  view  is  supported  by  the  observation  that  if  moist 
fibroin  be  left  exposed  to  the  air  for  a  lengthened  period 
it  becomes  partially  soluble  in  water.  Bolley  and  Rosa 
have  found  also  that  the  silk-bags  taken  from  living 
worms  are  composed  almost  entirely  of  fibroin,  since  only 
1*7  per  cent,  is  soluble  in  boiling  water,  and  the  ele- 
mentary analysis  is  consistent  with  tlie  formula  of  fibroin. 
The  physiological  studies  of  Duseigneur,  and  especially 
his  examination  of  the  transverse  section  of  the  silk-bag, 
already  alluded  to,  appear  to  contradict  this  view. 

hijluence  of  lieagents  on  Silk. 

In  contact  with  various  liquids  silk  not  only  absorbs 
them  rapidly,  on  account  of  its  great  porosity,  but  some- 
times retains  them  with  extreme  tenacity ;  this  is  the 
case,  e.g. J  with  alcohol  and  acetic  acid.  For  the  same 
reason  it  has  great  aptitude  for  fixing  mordants  and 
colouring  matters. 

49.  Action  of  Water. — Prolonoed  boilino-  vdth  water 
removes  from  raw  silk  its  silk-glue,  but  it  has  little 
eflfect  upon  the  fatty,  waxy,  and  colouring  m.attei-s 
present.      The    tenacity    of  the    fibre    is   reduced   even 
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more  tlian  by  the  ordinary  methods  of  ungumming  witli 
soap  solutions.  A  similar  solvent  action  is  exercised 
by  all  liquids  ;  for  this  reason  it  is  not  customary 
to  Diordant  silk  with  hot  solutions,  and  the  dyeing  is 
conducted  at  a  temperature  as  low  as  circumstances  will 
permit. 

50.  Action  of  Acids. — Speaking  generally,  concen- 
trated mineral  acids  rapidly  destroy  silk,  but  if 
sufficiently  diluted  their  action  is  insensible.  Warm 
dilute  acids,  however,  dissolve  the  sericin  of  raw  silk, 
and  hence  these  may  be  used  in  ungumming  (soupling). 
Concentrated  suljjhuric  acid  dissolves  silk,  giving  a  viscous 
brown  liquid ;  on  diluting  the  latter  with  water  a  clear 
solution  is  obtained,  from  which  the  fibroin  is  precij)itated 
on  the  addition  of  tannic  acid. 

Concentrated  nitric  acid  also  rapidly  destroys  silk  ; 
but  if  diluted,  the  latter  is  only  slightly  attacked  and 
coloured  yellow,  in  consequence  of  the  formation  ol 
xanthoproteic  acid.  This  reaction  is  made  use  of  in 
distinguishing  silk  from  vegetable  fibres.  Formerlv  it 
was  also  utilised  in  dyeing;  a  method,  however,  not  to 
be  commended,  since  the  colour  is  produced  at  the 
expense  of  the  silk  itself,  which  must  inevitably  be 
weakened  by  the  process. 

Hydrochloric  acid,  if  applied  in  the  gaseous  state, 
destroys  the  fibre  without  liquefying  it,  but  a  concen- 
trated aqueous  solution  readily  dissolves  it.  Hydrochloric 
acid  38°  Tw.  (Sp.  Gr.  1-19)  when  applied  cold,  dissolves 
an  equal  weight  of  silk  without  even  then  being  saturated. 
Dilute  hydrochloric  acid  has  no  sensible  action,  except 
upon  the  sericin  of  raw  silk,  which  it  more  or  less  removes. 

Phosphoric  and  arsenic  acids  in  dilute  (5  per  cent.) 
aqueous  solution  act  like  other  weak  acids  in  removing 
the  sericin  from  raw  silk,  and  have  been  proposed  as 
luigumming  agents  instead  of  soap,  but  they  are  not  used 
in  practice. 

Fermangariic  acid,  either  in  the  free  state  or  in 
combination  with  potassium,  acts  energetically  on  silk  ; 
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it  oxidises  and  colours  the  fibre  brown  by  deposition  of 
hydrated  manganic  oxide.  If  this  be  removed  by 
immersion  in  a  solution  of  sulphurous  acid,  the  silk  is 
left  in  a  remarkably  pure  white  condition.  Although 
recommended  on  this  account  for  bleaching  silk,  it  is  not 
altogether  suitable,  since  the  silk  thus  bleached  always 
has  a  tendency  to  become  yellowish  under  the  influence 
of  alkalis. 

Sulphurous  acid  is  used  in  bleaching  silk. 

Chromic  acid  and  chromates,  like  permanganic  acid, 
oxidise  silk,  leaving  the  fibre  of  a  pale  olive  tint. 

The  action  of  organic  acids  on  silk  has  been  little 
studied ;  it  varies,  no  doubt  considerably,  according  to 
their  concentration,  temperature,  &c. 

Hot  dilute  organic  acids  remove  the  sericin  from 
raw-silk  but  do  not  afiect  the  fibroin  much.  Cold 
glacial  acetic  acid  removes  the  colouring  matter  from 
yellow  raw-silk  without  dissolving  the  sericin.  Silk 
is  entirely  dissolved  when  heated  under  pressure  with 
acetic  acid. 

51.  Action  of  Alkalis. — Concentrated  solutions  of 
caustic  soda  and  potash  rapidly  dissolve  raw-silk,  espe- 
cially if  applied  warm. 

Caustic  alkalis,  sufficiently  diluted  so  as  not  to  act  ap- 
preciably upon  the  fibroin,  will  dissolve  ofi"  the  sericin, 
and  have  been  tried  as  ungumming  agents.  For  ordinary 
use,  however,  they  must  be  avoided,  since  the  silk  is 
always  left  impaired  in  whiteness  and  brilliancy. 

Pure  ammonia  solution,  even  if  used  warm,  has  no 
sensible  action  on  boiled-off  silk,  but  if  it  is  at  all 
impure  the  silk  becomes  dull  and  dirty  from  absorbed 
tarry  matter.  Ammonia  seems  to  favour  the  absorption 
by  silk  of  salts  of  calcium,  magnesium,  &c. 

Alkaline  carbonates  act  like  the  caustic  alkalis,  but 
in  a  less  energetic  manner,  and  they  are  not  employed 
as  ungumming  agents.  Of  all  alkaline  solutions,  those  of 
soap  have  the  least  injurious  efiect.  When  used  hot, 
they  readily  remove  the  sericin  from  raw-silk,   and  leave 
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the  fibroin  lustrous  and  brilliant;  hence  soap  is  })ar 
excellence  the  ungummiug  agent  employed.  Borax 
acts  somewhat  like  soap,  but  cannot  replace  it  in 
practice. 

If  raw  silk  be  steeped  for  twenty-four  hours  in 
clear,  cold  lime-water,  it  swells  up  considerably,  the 
lime  seeming  to  have  a  strong  softening  action  on  the 
sericin ;  when  this  is  removed  by  dilute  acid  and 
a  subsequent  soap  bath,  the  fibroin  seems  not  to  have 
suffered  otherwise  than  by  the  loss  of  its  natural  brilliancy. 
Prolonged  contact,  however,  with  lime-water  renders  silk 
brittle  and  disorganised. 

Chlorine  and  hifpochlorites  attack  and  destroy  silk 
rapidly,  and  cannot  be  used  as  bleaching  agents. 
Applied  in  weak  solutions,  with  subsequent  exposure  of 
the  fibre  to  the  air,  they  cause  the  silk  to  have  an  in- 
creased attraction  for  certain  colouring  matters. 

52.  Action  of  Metallic  Salts.  —  If  silk  is  steeped 
in  cold  solutions  of  several  metallic  salts,  e.g.,  of 
lead,  tin,  copper,  iron,  aluminium,  etc.,  it  absorbs  and 
even  partly  decomposes  them,  so  that  less  soluble  basic 
salts  remain  in  union  with  the  fibre.  The  methods  of 
mordanting  silk  with  aluminium,  tin,  and  iron  salts  de- 
pend upon  this  fact.  Sometimes,  as  in  the  case  of  ferric 
and  stannic  salts,  the  quantity  of  basic  salt  which  may  be 
l)recipitated  on  the  fibre  is  sufficient  to  serve  as  weighting 
material. 

Concentrated  zinc  chloride,  138°  Tw.  (Sp.  Gr.  1-69), 
made  neutral  or  basic  by  boiling  with  excess  of  zinc 
oxide,  dissolves  silk,  slowly  if  cold,  but  very  rapidly  if 
heated,  to  a  thick  gummy  liquid.  This  reagent  may  serve 
to  separate  or  distinguish  silk  from  wool  and  the  vegetable 
fibres,  since  these  are  not  aff'ected  by  it.  If  water  be 
added  to  the  zinc  chloride  solution  of  silk,  the  latter 
is  thrown  down  as  a  flocculent  precipitate.  If  this  is 
washed  free  from  zinc  salt  and  dissolved  in  ammonia,  it  is 
said  that  the  solution  mav  serve  to  cover  cotton  and  other 

ft/ 

viigetable  fibres  ^vith  a  coating  of  silk  substance.     Dried 
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at  110° — 115*^  C,  the  precipitate  acquires  a  vitreous 
aspect,  and  is  no  longer  soluble  in  ammonia. 

An  ammoniacal  solution  of  cupric  hydrate  dissolves 
silk,  the  solution  not  being  precipitated  by  neutral  salts, 
sugar,  or  gum,  as  is  the  case  with  the  analogous  solution 
of  cotton.  An  ammoniacal  solution  of  nickel  hydrate 
also  dissolves  silk. 

A  most  excellent  solvent  for  silk  is  an  alkaline 
solution  of  copper  and  glycerine,  made  up  as  follows : 
dissolve  16  grams  copper  sulphate  in  140  — 160  c.c. 
distilled  water,  and  add  8  —  10  grams  pure  glycerine 
(Sp.  Gr.  1-24);  a  solution  of  caustic  soda  is  dropped 
gradually  into  the  mixture  till  the  precipitate  at  first 
formed  just  re-dissolves ;  excess  of  NaOH  must  be  avoided. 
This  solution  does  not  dissolve  either  wool  or  the  vegetable 
fibres,  and  may  serve  therefore  as  a  distinguishing  test. 

53.  Action  of  Colouring  Matters.  —  Generally 
speaking,  silk  has  a  very  great  affinity  for  the  mono- 
genetic  colouring  matters.  It  can  be  dyed  direct  with 
the  aniline  colours,  for  example,  with  the  greatest 
facility.  It  has,  however,  little  attraction  for  mineral 
colouring  matters. 

An  examination  of  sections  of  dyed  silk  reveals  the 
fact  that  the  colouring  matter  (or  the  mordant)  penetrates 
the  substance  of  the  silk  fibre  to  a  greater  or  less  degree, 
according  to  the  solubility  of  the  colouring  matter,  the 
duration  of  the  dyeing  process,  and  the  temperature 
employed.  If  the  silk  is  dyed  only  for  a  short  time,  a 
section  of  the  fibre  shows  an  external  concentric  zone  of 
colour,  while  if  the  dyeing  operation  is  continued  suffi- 
ciently long,  it  is  coloured  right  to  the  centre.  If  a  mixture 
of  two  colouring  matters  be  applied,  either  simultaneously 
or  successively,  both  are  absorbed,  the  more  soluble,  or  that 
which  has  been  allowed  to  act  longest,  penetrating  the 
fibre  most  deeply.  Externally  a  mixed  effect  is  produced 
in  this  case,  but  a  section  of  the  fibre  reveals  in  most 
cases  two  concentric  zones  of  colour.  Silk  thoroughly 
mordanted  with  a  ferric  salt  presents  in  section  a  uniform 
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yellow  tint ;  if  dyed  subsequently  in  an  acidified  solution 
of  potassium  ferrocyanide,  the  ferric  oxide  deposited  in 
the  silk  gives  place  to  Prussian  blue,  at.  first  in  the  outer 
portions  only,  but  by  degrees  even  in  the  centre, 
especially  if  the  temperature  of  the  bath  be  raised.  A 
similar  efiect  is  produced  if  a  bath  of  tannin  be  sub- 
stituted for  that  of  potassium  ferrocyanide.  It  is  indeed 
difficult  to  say  what  number  of  substances  might  be 
successively  absorbed  by  the  silk,  and  penetrate  it  either 
by  juxtaposition  or  by  reacting  upon  each  other. 

The  action  of  colouring  matters  on  raw  silk  is 
similar  ;  but  in  many  cases,  e.g.,  in  the  black  dyeing  of 
souples,  the  colouring  matter  is  situated  principally  in  the 
external  silk-glue,  which,  becoming  brittle  through  the 
large  amount  of  foreign  matter  it  then  contains,  breaks 
up  and  assumes  the  form  of  microscopic  beads. 
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DYEINa. 

CHAPTER    V. 

COTTON     BLEACHING. 

54.  Object  of  Bleaching. — As  already  noticed  in  treat- 
irg  of  the  cotton  fibre,  raw  cotton  is  contaminated  with 
sev^eral  natural  impurities,  and  although  these  are  com- 
paratively small  in  amount,  they  impair  the  brilliancy  of 
the  white  belonging  to  pure  cellulose.  Hence  cotton  yarn 
as  it  leaves  the  spinner  has  invariably  a  soiled  or  greyish 
colour.  When  such  yarn  is  woven  it  is  still  further 
contaminated  with  all  the  substances  (amounting  some- 
times to  30  per  cent.)  which  are  introduced  during  the 
sizing  of  the  warps,  e.g.,  china  clay,  grease,  &c. 

Bleaching  consists  in  the  complete  decolorising  or 
removal  of  all  these  natural  and  artificial  impurities, 
either  for  the  purpose  of  selling  the  goods  in  the  white 
state,  or  in  order  to  make  them  suitable  for  being  dyed 
light,  delicate,  and  brilliant  colours. 

55.  Bleaching  of  Unspun  Cotton  (Cotton-wool).  — 
Although  cotton-wool  is  now  largely  dyed,  it  is  seldom 
or  never  bleached  in  this  form,  because  it  would  become 
more  or  less  matted  together.  As  a  rule,  the  only  treat- 
ment previous  to  dyeing  which  it  receives  is  that  of 
boiling  with  water  until  thoroughly  wetted.  It  would  no 
doubt  be  better  to  boil  with  a  dilute  solution  of  caustic  or 
carbonated  alkali,  and  afterwards  to  wash  well  with  water 
— e.g.,  in  machines  similar  to  those  used  in  loose-wool 
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scouiTiig  (see  p.  100) — since  by  this  means  the  natural 
waxy  matt€i*s,  (tc,  would  be  more  thoroughly  removed. 
More  complete  bleaching  would  be  tedious,  and  is  pro- 
bably unnecessary. 

56.  Bleaching  of  Cotton  Yarn. — When  cotton  yarn 
has  to  be  dyed  Vjlack  or  dark  coloui^s,  it  is  as  a  rule  not 
bleached,  but  merely  boiled  with  water  till  thoroughly 
softened  and  wetted.  For  light  colours  the  dyer 
frequently  effects  a  mpid,  though  perhaps  more  or  less 
incomplete  bleaching,  by  passing  the  wetted  yarn  (e.g.^ 
waii^:»s)  throuah  a  boiling  weak  solution  of  soda-ash,  then 
steeping  it  for  a  few  hours  in  a  cold  weak  solution  of 
chloride  of  lime  or  hypochlorite  of  soda.  It  is  then 
washed  in  water,  steeped  in  dilute  hydrochloric  acid,  and 
finally  well  washed. 

A  more  complete  and  thorough  bleaching  is  that 
efiected  by  the  operations  now  to  be  briefly  described. 

""Warps'"  are  loosely  plaited  by  hand  or  machine,  in 
order  to  reduce  their  length.  If  the  yarn  is  in  hanks 
it  is  either  retained  in  that  form,  or  linked  together  to 
form  a  chain,  the  latter  being  the  better  and  more  econo- 
mical method. 

1.  Ley  boil. — For  1,500  kilos,  yarn,  boil  six  hours  with 
2,000  litres  water  and  300  litres  caustic  soda  32-  Tw. 
(Sp.  Gr.  1'16) ;  steep  in  water  for  forty-five  minutes  and 
wash. 

2.  Cliemiching. — Steep  the  yam  for  two  houi^  under 
sieve  in  a  solution  of  bleaching  powder  2^  Tw. 
(Sp.  Gr.  I'Ol),  then  wash  for  half  an  hour  under 
sieve. 

3.  Souring. — Steep  the  yam  for  half  an  hour  under 
sieve  in  dilute  sulphuric  acid  P  Tw.  (Sp.  Gr.  1-005), 
then  wash  for  half  an  hour  under  sieve  and  afterwards 
through  washing  machine. 

If  the  yarn  is  intended  to  remain  white  and  not  to 
be  dyed,  it  is  run  through  a  so-called  "dumping" 
macliine  with  hot  soap  solution  and  blue  (ultramarine, 
4rc.),  then  hydro-extracted  and  dried. 
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AVhen  bleaching  cotton  thread,  owing  to  its  closer 
texture,  the  first  three  operations  are  repeated. 

The  boiling  (also  called  "bowking"  or  "bucking") 
with  caustic  soda  solution  takes  place  in  large  iron 
boilers  or  "  kiers."  These  are  either  open  or  provided 
^vith  a  lid  capable  of  being  screwed  down,  in  order  to 
be  able  to  boil  with  a  slight  pressure  of  steam.  The 
general  appearance  and  internal  arrangement  of  a  low- 
pressure  bleaching  kier  is  well  shown  in  Fig.  88. 

The  usual  order  of  procedure  is  first  to  fill  the  kier 
with  the  yarn,  and  after  blowing  steam  through  for  an 
hour  or  so,  to  run  in  the  soda  solution  and  boil  for  ten 
to  twelve  hours.  The  mode  of  circulation  of  the  liquid 
through  the  goods  is  described  on  page  434. 

The  operations  of  chemicking,  souring  and  washing 
under  sieve,  are  carried  out  by  means  of  the  arrangement 
shown  in  Fig.  24.  It  consists  of  a  stone  tank  e,  with 
a  false  bottom  f,  and  a  valve  G,  communicating  with  the 
cistern  d  below  ;  b  is  the  shaft  which  works  the  pump  c  ; 
f'  is  a  movable  perforated  drainer  or  sieve  covering  the 
whole  surface  of  the  tank  e  ;  A  is  a  winch  for  drawing 
the  chain  of  yarn  into  the  tank.  Supposing  the  tank 
to  be  packed  with  yarn,  the  pump  is  set  in  motion,  the 
liquid  in  D  is  thus  raised  to  the  sieve  f',  whence  it 
showers  down  on  the  yarn  below.  It  filters,  more  or 
less  rapidly,  through  the  yarn  and  collects  again  in  the 
tank  D  to  circulate  as  before. 

Complete  separate  arrangements  of  this  kind  are 
required  both  for  chemicking  and  for  souring,  but  the 
washing  under  sieve  is  performed  in  either  set  of 
tanks  as  required,  it  being  only  necessary  to  stop  the 
pump,  close  the  valve  g,  and  allow  water  to  flow  from  a 
tap  placed  over  the  sieve,  and  to  escape  at  the  bottom  of 
the  tank  E  by  a  separate  plug- hole  into  the  nearest  drain. 
The  final  washing  after  souring  is  best  given  by  means  of 
a  machine  similar  to  that  represented  in  Fig.  62. 

The  "  dumping "  machine  referred  to  is  essentially 
the  same  in  gonstruction  as  the  final  washing  machine, 
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Pig.  24, — Apparatus  for  Chemickiiig,  Souring,  and  Wasliing. 

the  main  difference  being  that  the    square  beater  is  re- 
placed by   a  round  roller,  and  that  the  upper  squeezing 
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roller  is  covered  with  cotton  rope  and  rests  loosely  with  its 
own  weight  on  the  lower  one.  As  the  cotton  yarn, 
soaked  with  soap  solution  and  blue,  passes  rapidly 
between  the  squeezing  rollers,  the  irregularities  produced 
by  the  plaiting  or  linking  impart  a  constant  jumping 
motion  to  the  upper  roller,  and  the  liquid  is  eftectually 
beaten  and  pressed  into  the  heart  of  the  yarn,  thus 
enhancing  considerably  the  purity  of  the  white. 

When  the  yarn  is  bleached  as  separate  hanks  and 
not  in  the  chain,  the  washing  is  effected  by  one  or  other 
of  the  machines  illustrated  in  Figs.  54,  55,  56,  and  the 
"  dumping  "  is  done  in  the  "  stocks  "  (see  Fig.  52). 

57.  Bleaching  of  Cotton  Cloth  or  Calico. — The  mode 
of  bleaching  is  varied  according  to  the  immediate  object 
for  which  the  bleached  calico  is  intended ;  thus,  one  may 
distinguish  between  the  Madder-bleachy  the  Turkey-red- 
hleach,  and  the  Market-hleach. 

Madder-bleach. — This,  the  most  thorough  kind  of 
calico-bleaching,  was  originally  so-called  because  it  was 
found  specially  requisite  for  those  goods  which  had  to 
be  printed  and  subsequently  dyed  with  madder.  Its 
object  is  to  effect  the  most  complete  removal  possible  of 
every  impurity  which  can  attract  colouring  matter  in 
the  dye-bath,  so  that  the  printed  pattern  may  ultimately 
stand  out  in  clear  and  bold  relief  on  a  white  background 
of  unstained  purity.  Although  the  madder-bleach  is  in 
general  use  among  calico-printers,  it  may  be  also  adopted 
by  dyers  whenever  the  calico  is  to  be  dyed  subsequently 
in  light  and  delicate  colours,  or  if  absolute  freedom  is 
desired  from  any  impurity  which  resists  the  fixing  of 
the  colouring  matter  to  be  applied. 

Stamping  and  Stitching. — For  the  purpose  of  subse- 
quent recognition,  the  ends  of  each  piece  are  marked 
with  letters  and  figures,  by  stamping  them  with  gas-tar 
or  other  substance  capable  of  resisting  the  bleaching  pro- 
cess. The  pieces  are  then  stitched  together,  end  to  end, 
by  machinery. 

Singeing, — This  operation  consists  in  burning  off  the 
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nap  or  loose  liLres  wliich  project  from  the  surface  of  the 
cloth,  since  these  interfere  with  the  production  of  fine 
impressions  during  the  printing  process.  It  is  performed 
by  rapidly  passing  the  cloth  in  the  open  width  over  red- 
hot  plates  or  cylinders,  or  over  a  row  of  gas  flames. 

Fig.  25  shows  a  usual  arrangement  of  the  plate-singe- 
ing machine.  By  means  of  the  rollers  R,  driven  by  a  small 
engine,   the  piece  g  is   rapidly  drawn   across    the    two 


Fig.  25. — Plate-singeing  Machine. 


red-hot  copper  plates  p  p,  against  which  it  is  depressed  by 
the  four  bars  of  the  iron  frame  d^  capable  of  being  raised 
or  lowered  by  the  chain  c.  Immediately  on  leaving  the 
plates,  the  piece  passes  between  two  perforated  steam 
pipes  K  K,  and  through  the  water  trough  b,  so  that  all 
adhering  sparks  may  ]ye  at  once  extinguished;  h  is  a 
hood  for  leading  away  the  products  of  combustion.  The 
two  plates  are  heated  by  means  of  the  furnace  below. 

The  great  difficulty  in  plate-singeing  is  to  keep  the 
plates  at  a  uniform  strong  red  heat,  owing  to  the  rapid 
cooliQg  action  of  the  passing  pieces  ;  hence  the  "revoh'ing 
singeing  roller '"  is  a  decided  improvement  on  the  plate. 
In  this  arrangement  the  flames  from  the  furnace  pass 
through  a  copper  cylinder  which  slowly  revolves,  so  that  a 
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fresh  red-hot  surface  is  continually  presented  to  the  piece, 
and  a  regular  even  singe  is  thus  obtained. 

As  a  rule,  hot-plate  or  cylinder  singeing  is  preferred 
for  thick  heavy  cloth,  but  for  light,  thin  cloth — e.g.^ 
muslins,  &c. — singeing  by  gas  is  generally  adopted. 

The  gas-singeing  machine  consists  essentially  of  one 
or  more  rows  of  gas  jets,  across  which  the  cloth  is  rapidly 
drawn.  The  gas  is  mixed  with  air  just  before  being 
burnt,  so  that  an  extended  line  of  the  well-known  smoke- 
less Bunsen  flame  is  presented  across  the  full  width  of  the 
piece ;  by  means  of  levers  the  gas  jets  may  be  placed  at 
any  suitable  distance  from  the  cloth,  or  in  case  of  acci- 
dent they  can  be  entirely  withdra^vTi  from  it. 

The  preliminary  work  of  stamping,  stitching,  and 
singeing  is  succeeded  by  the  bleaching  operations  proper, 
which,  for  24,000  kilos,  cloth  and  with  low  pressure 
kiers,  may  be  summarised  as  follows  : — 

1.  Wash  after  singeiDg-. 

2.  Lime-boil :  1,000  kilos,  lime,  boil  12  hours:  wash. 

3.  Lime -sour:    hydrochloric  acid,  2'  Tw.   (Sp.    Gr.    I'Ol); 

wash. 

4.  Ley-boils :  1st,  340  kilos,  soda  ash,  boil  3  hours. 

2nd,    860    kilos,   soda    ash,    380    kilos,  resin, 
190  kilos,  solid  caustic  soda,  boil  12  hours. 
3rd,  380  kilos,  soda  ash,  boU  3  hours ;  wash. 

5.  Chemicking :    bleaching    powder    solution,     i^  —  i^    Tw. 

(Sp.  Gr.  1-00125— 1-0025)  wash. 

6.  White-sour:  hydrochloric    acid,    2'   Tw.    (Sp.    Gr.    I'Ol), 

pile  1 — 3  hours. 

7.  Wash,  squeeze  and  dry. 

1.  Wash  after  Singeing, — The  object  of  this  operation 
is  to  wet  out  the  cloth  and  make  it  more  absorbent,  also 
to  remove  some  of  the  weaver's  dressing.  This  was  for- 
merly eflected  by  simply  steeping  the  cloth  in  water  for 
several  days  until,  by  the  fermentation  induced,  the 
starchy  matters  were  rendered  more  or  less  soluble.  At 
present,  printers'  calicoes  are  not,  as  a  rule,  heavily  sized, 
and  a  simple  wash  in  the  machine  represented  in  Fig.  60  is 
sufficient.    The  pieces  are  drawn  direct  from  the  adjacent 
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singeing  house,  guided  by  means  of  white  glazed  earthen- 
ware lings  (•'  pot-eves "'),  through  the  washing  machine  ; 
they  are  at  once  plaited  or  folded  down  on  the  floor  and 
there  allowed  to  lie  "in  pile  *'  for  some  hours  to  soften. 
By  this  fii-st  opei'ation,  fi*equentlY  called  "gi-ey- washing,*' 
the  pieceS;  hitherto  in  the  open  width,  assume  the  chain 
form,  which  they  retain  throughout  the  whole  of  the 
succeeding  operations. 

2.  LimeioU  ("Lime-bowk"). — The  pieces  are  now 
run  through  milk  of  lime,  a  portion  of  which  they  absorb. 
They  are  at  once  drawn  by  overhead  winches  into  the 
kiers  and  there  plaited  down  and  well  packed  by  tramp- 
ling under  foot. 

Fig.  26  shows  the  arrangement  of  a  pair  of  Barlow's 
high-pressure  kiers,  one  being  given  in  section.  The  two 
kiers  a,  h  are  of  strong  boiler-plate  iron  ;  p'  is  a  false 
bottom,  consisting  of  smooth  water-worn  stones,  or  a 
cast-iron  grating,  on  which  the  cloth  is  laid ;  d  is  the 
distributor  which  acts  also  as  a  strengthening  stay  ;  the 
upper  portion  is  perforated  and  closed  by  a  stop  at  some 
distance  fiom  the  bottom  ;  the  block  h  at  the  bottom  of 
the  distributor  is  pei-foi'^ted  to  allow  liquor  to  pass  from 
the  kier  :  alxjve,  the  distributor  is  connected  with  the 
two-way  tap  <,  by  which  steam  is  admitted  from  the 
main  pipe  m,  and  by  the  revei'sing  of  which  the  steam 
is  shut  off  and  liquor  admitte<l  from  the  adjoining  kier ; 
pj)  is  a  pipe  connecting  the  top  of  the  kier  a  with  the 
bottom  of  kier  b,  and  q  q  similarly  connects  the  top  of 
kier  h  with  the  bottom  of  kier  a ;  s  8  are  branch 
steam  pipes  from  the  main  m;  II  are  the  pipes  and 
taps  through  which  the  liquors  are  introduced  into  the 
kiei"s :  o  o  are  the  manholes  for  entering  and  ^emo^-ing 
the  cloth,  and  which  can  be  made  steam-ti<,'ht  bv  means 
of  an  iron  plate  held  against  the  inner  side  with  two 
crossbars  and  screw  bolts;  w  w  are  the  draw-off  taps 
connected  with  the  pipes  p  and  q,  and  which  can  be 
worked  from  the  stage  at  cc  when  emptying  the  kiers 
of  spent  liquor,  *tc  ;   i  i  ai-e  glass  tubes  or  water-gauges 


Cliap.  v.] 


CALICO    BLEACHING. 


79 


which  indicate  when  the  liquor  has  passed  entirely  from 
one  kier  to  the  other ;  u  u  are  short  iron  columns  for 
supporting  the  kiers.  The  kiers  are  usually  about  three 
metres  high  and  two  metres  in  diameter. 


:d 


When  the  kiers  are  filled  with  cloth  the  manholes 
are  closed,  the  pipes  connecting  the  kiers  are  shut  off, 
the  emptying  taps  below  are  open,  and  steam  is  blown 
through  for  about  a  quarter  of  an  hour  to  drive  out  the 
air,  and  to  wet  and  heat  the  goods  through.  After 
running  the  necessary  liquid  into   one  of  the  kiers^  the 
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two-way  taps  are  suitably  arranged,  liigli-pressure  steam 
is  again  admitted,  and  the  liquor  is  forced  througli  the 
goods,  out  by  the  bottom,  up  the  connecting  pipe,  and 
through  the  distributor  into  the  goods  contained  in  the 
other  kier.  When  all  the  liquor  has  been  transferred, 
both  two-way  taps  are  reversed,  steam  enters  the  second 
kier,  and  drives  the  liquor  through  the  goods  in  the  same 
manner  back  into  the  first  kier.  This  alternating  process 
is  continued  usually  for  about  seven  hours. 

The  essential  action  of  boiling  with  lime  is  to  decom- 
pose the  fatty,  resinous,  and  waxy  impurities  present  in 
the  fabric.  They  are  not  removed,  but  remain  attached 
to  the  fibre  as  insoluble  lime  soaps,  which  can,  however, 
be  readily  removed  by  the  subsequent  processes. 

The  colouring  matter  of  the  fibre  is  modified,  and 
any  alumina  present  is  also  attacked. 

No  doubt,  caustic  alkalis  would  also  decompose  and 
at  once  render  soluble  the  fatty  impurities,  but  lime  is 
cheaper,  and  is  said  to  attack  the  resinous  matters  more 
energetically.  Care  must  always  be  taken  that  a  sufficiency 
of  water  is  present  in  the  kier,  otherwise  the  cloth, 
especially  that  at  the  top  or  the  bottom,  is  liable  to  be 
tendered.  Too  much  liquor  is  almost  equally  objection- 
able, since  the  pieces  are  then  apt  to  become  entangled 
and  damaged  by  tremulous  boiling. 

3.  Lime-sour. — This  operation,  also  called  the  "'grey 
sour,"  is  immediately  preceded  by  a  washing  of  the 
pieces  as  they  come  out  of  the  lime-boil.  It  consists  in 
washing  the  pieces  with  dilute  hydrochloric  acid  in  a 
machine  identical  with  that  illustrated  in  Fig.  60. 
During  this  process  the  insoluble  lime-soaps,  resulting 
from  the  lime-boil,  are  decomposed  and  the  lime  is 
removed ;  any  other  metallic  oxides  present  are  also 
dissolved  out,  and  the  brown  colouring  matter  is  loosened. 
Hydrochloric  acid  is  preferred  to  sulphuric  acid  because 
it  forms  a  more  soluble  compound  wdth  tlie  lime.  Care 
must  be  taken  to  maintain  the  strength  of  the  dilute 
acid  as  uniform   as  possible,  both  by  having  a  regular 
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flow  of  fresh  acid  from  a  stock  cistern,  and  by  making 
occasionally  rapid  acidimetrical  tests.  After  souring,  it  is 
advisable  not  to  leave  the  pieces  long  in  their  acid  state, 
for  fear  of  the  exposed  portions  becoming  tender,  but  to 
wash  them  as  soon  as  convenient.  It  is  very  essential, 
too,  that  this  washing  be  as  complete  as  possible,  other- 
wise a  tendering  action  may  take  place  during  the  follow- 
ing process. 

4.  Ley-  or  Lye-boil. — The  object  of  this  operation  is 
to  remove  the  fatty  matters  still  remaining  on  the  cloth. 
The  fatty  matters  having  been  decomposed  during  the 
lime-boil,  and  the  lime  having  been  removed  from  the 
lime-soaps  by  the  souring,  the  fatty  acids  remaining  on 
the  cloth  are  readily  dissolved  off  by  boiling  with  alkaline 
solutions.  The  brown  colouring  matters  arc  also  chiefly 
removed  at  this  stage.  The  boiling  takes  place  in  exactly 
the  same  kind  of  kiers  as  those  used  for  the  lime-boil. 
Other  kiers  besides  Barlow's,  however,  are  frequently  used 
for  both  operations. 

In  the  so-called  ''vacuum  kiers,"  perfect  penetration  of 
the  cloth  by  the  liquors  is  obtained  by  first  pumping  out 
the  air  from  the  kier  before  admitting  the  liquors. 

Fig.  27  gives  the  section  of  a  modern  "injector" 
kier  a,  filled  with  cloth  ;  b  b  are  the  steam  pipes,  c  is 
the  injector,  and  d  the  circulating  pipe ;  F  is  the  liquor 
pipe,  by  which  water  or  other  liquid  may  be  admitted ; 
E  E  the  draw-off  valve  and  waste  pipe.  The  kier  being 
suitably  filled  with  cloth  and  liquor,  whenever  the  steam 
is  turned  on,  the  vacuum  produced  by  its  condensation 
in  c  withdraws  the  liquor  from  the  kier  and  causes 
it  to  ascend  the  pipe  D,  to  be  at  once  showered  over 
the  pieces  at  g.  A  portion  of  the  liquid  may  tem- 
})orarily  collect  at  H,  but  it  soon  percolates  or  is  drawn 
through  the  cloth  to  the  bottom,  again  to  enter  the 
injector.  A  continual  circulation  of  the  liquid  is  thus 
maintained. 

If  open  or  low-pressure  kiers  are  used,  similar  to 
that  referred  to  in  cotton-yarn  bleaching,  the  boiling  is 
a 
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Fig.  27.  —Section  of  Injector  Kier. 
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continued  for  ten  to  twelve  hours;  with  the  injector 
kier  and  steam  at  fifty  pounds  pressure,  three  to  four 
hours'  boiling  may  be  sufficient. 

Some  bleachers,  as  indicated  on  page  77,  boil  1—3 
hours  with  soda-ash  alone,  both  before  and  after  the 
resin  boil,  using  1 — 2  kilos,  soda-ash  per  100  kilos, 
calico.  The  first  soda-ash  boil,  though  not  absolutely 
necessary,  is  advisable,  in  order  to  neutralise  any  traces 
of  acid  accidentally  left  in  the  cloth  from  the  souring. 
Another  plan  to  avoid  tendering,  is  to  let  the  goods 
steep  in  a  weak  soda-ash  solution  for  a  short  time,  and 
then  to  draw  it  off  again  before  commencing  the  boiling 
operation  with  "resin-soap."  This  is  termed  "sweeten- 
ing "  the  goods. 

The  boiling  with  resin-soap  is  a  very  special 
feature  in  the  madder-bleach.  Experiment  has  shown 
that  resin-soap  removes,  better  than  any  other  substance 
which  has  been  tried,  certain  matters,  which  would 
subsequently  attract  colouring  matter  in  the  dye-bath. 
What  these  particular  substances  are,  and  in  what 
special  manner  resm-soap  acts  upon  them,  is  at  present 
unknown,  or,  at  most,  only  conjectured. 

The  boiling  with  soda-ash  solution  after  the  "  resin 
boil "  is  useful,  in  order  to  ensure  the  complete  removal 
of  fatty  matters  and  undissolved  resin. 

Since  the  cloth  is  very  liable  to  contract  iron  stains  if 
left  in  the  kier  too  long  after  the  alkaline  liquor  has 
been  drained  away,  it  is  well  to  wash  immediately 
after  the  ley-boils. 

5.  Chemicking. — After  all  the  previous  operations  the 
cloth  still  retains  a  faint  yellowish  or  creamy  tint,  and 
the  object  of  this  operation  is  to  destroy  the  traces  of 
colouring  matter  from  which  it  arises.  The  pieces 
are  passed  through  a  very  dilute  solution  of  chloride 
of  lime  or  " bleaching-powder,"  in  a  "chemicking" 
machine,  which  is  exactly  similar  to  that  employed 
for  washing  (Fig.  60),  and  are  then  allowed,  while 
still  moist,  to  remain  in  pile  and  exposed  to  the  uir 
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for  a  few  hours  or  over-uiglit.  The  bleaching  action, 
wliich  must  be  considered  as  one  of  oxidation,  takes 
i:>lace  largeh^  during  this  exposure,  hypochlorous  acid 
being  then  liberated  by  the  action  of  the  carbonic  acid 
of  the  air. 

It  is  essential  that  the  bleaching-powder  solution 
should  not  be  too  strong,  otherwise  the  cloth  may  be 
tendered  or  be  partially  changed  into  oxycellulose,  and 
thereby  be  apt  to  attract  certain  colouring  matters  in  the 
dye-bath,  or  to  contract  brown  stains  during  subsequent 
steaming  processes.  For  the  same  reason  the  solution  of 
bleaching-powder  should  be  entirely  free  from  undissolved 
particles. 

The  bleaching  power  of  the  liquor  should  be  main- 
tained as  constant  as  possible  by  having  a  continual  flow 
of  fresh  bleaching-powder  solution  into  the  machine,  and 
by  occasionally  testing  how  much  of  the  liquor  is  required 
to  decolorise  a  specially  prepared  standard  solution  of 
arsenate  of  soda,  tinted  with  indigo  extract  or  cochineal 
decoction. 

C.  White-sour. — This  operation  does  not  differ  from 
the  lime-sour  already  described.  Its  object  is  to  com- 
plete the  bleaching  action  by  decomposing  any  "  chloride 
of  lime  "  still  in  the  cloth,  also  to  remove  the  lime,  the 
oxidised  colouring  matter,  and  any  traces  of  iron  present. 
The  cloth  usually  remains  saturated  with  the  acid  a  few 
hours. 

7.  The  Jlnal  washing  must  be  as  thorough  as  possible. 
It  is  usually  performed  by  the  square  beater  machine, 
illustrated  in  Fig.  62.  The  squeezing  is  done  by  the 
machine  shown  in  Fig.  65.  After  squeezing,  the  cloth 
is  again  opened  out  to  the  full  width,  previous  to 
drying.  This  is  effected  by  allowing  a  lengthened  portion 
of  the  chain  of  cloth  to  hang  loosely  and  horizontally, 
and  in  this  position  to  pass  between  a  pair  of  rapidly 
revolving  double-armed  scutchers,  which  shake  out  the 
twists  from  the  horizontal  length  of  cloth.  On  leaving 
the  scutchers,  the  piece  passes  in  a  state  of  tension  over 
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one  or  more  rollers  provided  with  spiral  projections, 
which  tend  to  open  out  the  cloth  still  more  thoroughly  ; 
in  this  state  it  passes  round  the  steam  cylinders  of  the 
drying  machine  illustrated  in  Fig.  79. 

The  average  length  of  time  required  for  the  madder- 
bleach  is  four  to  five  days. 

TuEKEY-RED-BLEACH. — When  calico  is  intended  to  be 
dyed  Turkey-red  it  is  not  necessary  to  give  it  the  madder- 
bleach,  since  no  white  ground  has  to  be  preserved. 
Certain  modifications,  too,  are  introduced  ;  it  is  found, 
for  example,  that  singeing,  and  the  application  of  bleach- 
inpj-powder  which  causes  the  formation  of  oxycellulose, 
interfere  with  the  production  of  the  most  brilliant  colour. 
The  apparatus  employed  being  similar  to  that  already 
described,  it  is  only  necessary  to  give  the  following 
summary  of  the  operations  usually  carried  out : 

1.  Wash. 

2.  Boil  in  water  for  two  hours  and  wash. 

3.  Ley-boils:   Ist,  90  litres  caustic  soda,  70°  Tw.  (Sp.  Or. 

1-35),  boil  ten  hours  and  wash. 
2nd,  70  litres,  ditto,  ditto.! 

4.  Sour:    sulphuric  acid,   2«  Tw.  (Sp.  Gr.    1-01)  steep   two 

hours. 
6.  Wash  well  and  dry. 

The  above  quantities  of  materials  are  intended  for 
2,000  kilos,  cloth,  with  low-pressure  kier. 

Market-bleach. — In  market-bleaching  the  essen- 
tial difierence  consists  in  the  absence  of  the  boiling  with 
resin-soap,  and  the  introduction  of  tinting  the  cloth  with 
some  blue  colouring  matter  previous  to  drying.  With 
many  bleachers,  the  operation  of  chemicking  comes  be- 
tween the  two  ley-boils,  and  not  after  them,  as  is  usually 
the  case. 

Other  bleaching  agents  than  chloride  of  lime  have 
been  proposed  for  cotton,  and  even  partially  adopted — 
e.^.,  hydrogen  peroxide,  permanganate  of  soda,  &c. — but 
none    have    yet    been   able   to    supplant   it,   principally 
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because  of  tLeir  greater  cost.  The  same  may  be  said 
regarding  tLe  mode  of  bleaching  by  means  of  the  electro- 
lysis of  alkali  chlorides 


CHAPTER   VI. 

LINEN      BLEACHING. 

58.  The  bleachinsf  of  linen  is  more  or  less  similar  to 
that  of  cotton,  although  it  is  decidedly  more  tedious, 
owing  to  the  larger  proportion  of  natural  impurities  present 
in  the  flax  fibre,  and  the  greater  difficulty  of  removing  or 
decolorising  them.  These  impurities  consist  j^rincipally 
of  the  brovm  insolulOe  pectic  acid,  which  remains  on  the 
fibre  after  the  retting  process,  to  the  extent  of  25 — 30 
per  cent, 

linen  is  bleached  in  the  form  of  yam,  thread,  and 
cloth. 

59.  Bleaching  of  Linen  Yarn  and  Thread. — Linen 
yam  is  frequently  only  partially  bleached,  and  one 
distinguishes  yarns  which  are  "  half  white "  (cream), 
"three-quarters  white,"  and  ''full  white." 

The  following  is  an  outline  of  the  general  method  of 
bleaching  linen  yam  as  at  present  adopted  in  Ireland. 
The  percentages  relate  to  the  weight  of  yarn  under 
treatment : — 

1.  Boil:  10  per  cent,  soda-ash,  boil  3 — i  hours;   wash  and 

squeeze. 

2.  Beel :  bitching  powder  solution,  ^'^  Tw. ;  reel  1  hour ; 

"wash. 

3.  Sour:  sulphuric  acid,  I''  Tw.,  steep  1  hour;  wash. 

4.  Scald :  2 — 5  j)er  cent,  soda-ash,  boil  1  hour  ;  wash, 
o.  Eeel :  as  No.  2  ;  wash. 

6.  Sour :  as  Xo.  3 ;  wash  well  and  dry. 

At  this  stage  the  yarn  should  be  "half  white." 

If  it  is  requii^ed  "  three-quarters  white,"  the  drying 


Chap.Vl.]  LIXEK   YAtlif    feLEACUiXG.  ^7 

is  omitted,  and  operations  4,  5,  and  6,  are  repeated  with  the 
following  slight  modifications  :  (a)  after  the  "  scald  '  the 
yarn  is  "grassed,"  i.e.,  spread  on  the  grass  m  a  field  for 
about  a  week  ;  (6)  instead  of  reeling  the  yarn  m  the  solu- 
tion of  bleaching-powder,  it  is  simply  steeped  m  it  tor 
lO—V-y  hours,  an  operation  which  is  analogous  to  tlie 
chemicking  of  cotton  yam  (p.  72),  and  usually  called  the 

'*'  dip."  ,  .     ,.     1 

If    the    yarns    should    be   "full    white'    the    same 

operations  are  again  repeated  once  or  twice,  the  duration 
of  grassing  being  varied  according  to  necessity  and  the 
weather.  In  each  succeeding  operation  the  concentration 
of  the  solutions  employed  is  diminished. 

The  operation  of  boiling  takes  place  in  ordmary 
open  or  low-pressure  kiers,  while  those  of  dipping,  sour- 
inc^  and  washing,  are  best  performed  in  the  apparatus 
illustrated  in  Fig.  24.  In  many  establishments,  however, 
the  dipping  and  souring  are  effected  by  simply  steeping 
the  yarn  in  stone  tanks  filled  with  the  necessaiy  liquids, 
but  owing  to  the  absence  of  all  circulation  of  the  latter, 
this  plan  cannot  be  so  efiective.  The  washing  is  fre- 
quently done  in  wash-stocks,  or  dash-wheels,  but  this 
also   is   not  good,  because  it  tends  to    make   the   yam 

rough.  . 

The  mode  of  applying  the  bleachmg-powder  solution 
in  the  earlier  stages  by  "  reeling,"  is  peculiar  to  linen  yarn 
bleaching.  Its  primary  object  has  probably  been  to 
ensure  regularity  of  bleach,  but  since  the  carbonic  acid 
of  the  afr  decomposes  the  calcium  hypochlorite  more 
readily  by  this  means,  and  liberates  hypochlorous  acid 
within  the  fibre,  as  it  were,  the  bleaching  must  be  more 
thorough  and  greatly  accelerated. 

The  reeling  machine  consists  of  a  large  shallow  stone 
cistern  holding  the  solution  of  bleaching-powder,  and 
provided  with  a  movable  framework  supporting  a  number 
of  reels.  On  these  are  suspended  the  hanks  of  yam  in 
such  a  manner  that  only  their  lower  ends  dip  mto  the 
liquid       Each    single   reel    can   be   readily   detached  it 
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necessary,  or,  by  means  of  a  hydraulic  lift,  the  whole 
fi'amework  with  reels  and  yarn  can  be  raised  and 
withdrawn  from  the  liquid,  and  at  once  transferred  to 
another  and  similar  cistern  for  the  purpose  of  washing, 
ttc.      Some  bleachers  use  this  machine  for  scalding. 

It  is  said  that  better  results  are  obtained  if  the 
calcium  hypochlorite  is  replaced  by  the  coiTesponding 
magnesium  compound.  Probably  the  best  agent  to  use 
M'ould  be  sodium  hypochlorite,  since  there  would  then 
be  no  formation  on  the  fibre  of  any  insoluble  carbonate, 
and  washing  might  largely  replace  the  souring,  in  which 
case  weaker  acids  even  than  those  mentioned  could  be 
used.  Since  calcium  chloride  is  more  soluble  than 
the  sulphate,  it  seems  likely  that  where  calcium  hypo- 
chlorite is  used,  hydrochloric  acid  would  be  better  as  a 
souring  agent  than  sulphuric  acid. 

60.  Bleaching  of  Linen  Cloth. — The  following  is  an 
outline  of  a  modern  Irish  process  for  1 ,500  kilos,  brown 
linen  (lawns,  handkerchiefs,  (fee),  with  low-pressure 
kiers : 

1.  Lime-boil :   125  kUos.  lime,  boil  14  hours ;  wash  40  minutes 

in  stocks. 

2.  Sour:  hydrochloric  acid,  2|°  Tw.    (Sp.  Gr.  1-0125),  steep 

2 — 6  hours;   wash  40  minutes  in  stocks ;  "turn  hank," 
and  wash  30  minutes  in  stocks. 

3.  Ley-boils :    1st,    30   kilos,  caustic    soda    (soHd),  30   kilos. 

resin,  previously  boiled  and  dissolved  together  in  water ; 
2,000  litres  water;  boil  8—10  houi^s  ;  run  off  liquor,  and 
add — 
2nd.,  15  kUos.   caustic  soda   (solid),  dissolved;   2,000  Htres 
water,  boil  6 — 7  hours ;  wash  40  minutes  in  stocks. 

4.  Expose  in  field  2 — 7  davs,  according  to  the  weather. 

5.  Chemick :  chloride  of  lime  solution,  |°  Tw.  (Sp.  Gr.  0-0025), 

steep  4 — 6  hours ;  wash  40  minutes  in  stocks. 

6.  Sour  :  sulphuric  acid,  1°  Tw.  (Sp.  Gr.   0-005j,  steep  2—3 

hours  ;  wash  40  minutes  in  stocks. 

7.  Scald :  8 — 13    kilos,    caustic   soda   (sohd)   dissolved,  2,000 

litres  water,  boil  4 — 5  hours ;  wash  40  minutes  in  stocks. 

8.  Expose  in  field,  2 — 4  davs. 

9.  Chemick  -.  chloride  of  lime  solution,  i'^  Tw.  (Sp.  Gr.  0-00125), 

steep  3 — 5  hours ;  wash  40  minutes  in  stocks. 
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The  goods  are  examined  at  this  stage  ;  those  which 
are  sufficiently  white  are  soured  and  washed,  and  those 
which  are  not  are  further  treated  as  follows  : — 

10.  Eub  with  rubbing  boards  and  a  strong  solution  of  soft 
soap. 

11.  Expose  in  field  2 — i  days. 

12.  Chemick :  chloride  of  lime  solution,  i°  Tw.(Sp.  Gr.00003), 
steep  2 — 4  hours;  wash  40  minutes  in  stocks. 

13.  Sour:  sulphuric  acid,  1°  Tw.  (Sp.  Gr.  0-005),  steep  2— 3 
hom-s ;  wash  40  minutes  in  stocks. 

When  the  cloth  (cream  linen)  is  made  of  yarn 
already  partially  bleached,  a  less  severe  process  is  re- 
quired, e.g.,  less  lime  is  used  in  the  lime-boil ;  only  one 
ley-boil  is  given,  and  that  with  resin-soap  instead  of 
caustic  soda ;  weaker  chloride  of  lime  solutions  are  used  ; 
the  scald  is  effected  with  soda-ash  solution ;  and  operations 
8  and  9  are  omitted. 

What  is  known  as  "  brown  holland  "  is  a  plain  linen 
cloth  which  has  had  little  or  no  bleaching,  but  only  a 
short  boiling  in  water,  or  in  weak  soda-ash  solution, 
followed  by  a  weak  souring.  It  possesses,  therefore, 
more  or  less  the  natural  colour  of  the  retted  flax  fibre. 

The  washing  is  usually  effected  in  the  wash-stocks 
(Fig.  52),  but  sometimes,  and  with  advantage  too,  in  so- 
called  slack-washing  machines.  These  are  similar  in 
construction  to  that  represented  in  Fig.  60 ;  the  washing 
trough,  however,  is  divided  by  wooden  spars  into  several 
compartments,  each  capable  of  holding  several  yards  of 
slack  cloth  between  each  nip. 

The  ''  rubbing  "  referred  to  is  a  characteristic  feature 
in  linen  cloth  bleaching,  and  has  for  its  object  the 
removal  of  small  particles  of  brown  matter  called 
"  sprits."  It  is  effected  by  a  special  machine  which  con- 
sists essentially  of  a  pair  of  heavy  corrugated  boards  rest- 
ing on  each  other ;  the  upper  one  is  moved  lengthwise  to 
and  fro,  while  the  pieces  are  led  laterally  bet^veen  them. 

The  exposing  of  the  goods  in  a  field  to  the  in- 
fluences of  air,  moistui'e,  and  light,  or  "grassing,"  as  it 


90  DYEING    OP    TEXTILE    FABRICS.  [Chap.  Vl. 

is  technically  termed,  is  still  veiy  generally  adopted  in 
order  to  avoid  steeping  too  frequently  in  solutions  of 
bleacliing-powder,  and  thus  to  preserve  as  much  as 
possible  the  sti'ength  of  the  fibre. 

"  Turn-hanking  "  consists  in  loosening  the  entangled 
pieces  and  refolding  them,  so  that  every  part  may  l>e 
exposed  to  the  action  of  the  hammers  of  the  wash  stocks  ; 
the  operation  is  introduced  as  often  as  requii'ed  at 
various  stages  of  the  bleaching  process,  but  especially 
after  "vrashing  in  the  stocks. 

61.  Chemistry  of  Linen  Bleaching. — Dm-ing  the 
several  boiling.s  w-ith  lime,  soda-ash,  caustic  soda  or 
resLQ-soap,  the  insoluble  brown-coloured  pectic  acid  of  the 
retted  fibre  is  decomposed,  and  changed  into  metapectic 
acid,  which  cx)mbines  with  the  alkah  to  form  a  soluble 
compoimd.  According  to  the  origin  of  the  flax,  the  loss 
which  it  thus  sustains  may  vary  from  1.5  to  36  per  cent. 

By  the  application  of  bleaching-powder  alone,  the 
brown  jjectic  matters  are  bleached  only  with  great 
difficulty,  and  even  then  only  by  using  "  chloride  of  lime  " 
.solutions  of  such  concentration  that  the  fibre  itself  is 
ap»t  to  be  attacked  After  a  number  of  successive  boilings 
with  alkali,  however,  the  goods  retain  merely  a  pale  grey 
coloui',  which  is  readily  bleached  by  comparatively  weak 
solutions  without  injuiy  to  the  fibre. 

The  rational  mode  of  bleaching  linen  would  seem 
to  be,  therefore,  to  defer  the  application  of  the  bleaching- 
ix)wder  until  the  pectic  mattei-s  have  been  almost 
or  entirely  removed  by  lime  and  alkaline  boilings, 
although,  in  practice,  this  plan  Ls  never  strictly  adhered 
to.  A  single  ley-boil  scarcely  remove  more  than  10  per 
cent,  of  the  pectic  matters,  and  since  their  presence  in  such 
large  proportion  prevents  the  solutions  of  bleaching- 
powder  fi'om  decolorising  the  whole  of  the  grey  matter  at 
one  operation,  the  usual  plan  is  to  alternate  the  alkaline 
boilings  with  dilute  chloride  of  lime  treatments ;  the 
more  so  because  it  is  considered  that  a  slight  oxidation 
of  the  pectic  mattei'^  facilitates   their  removal   by    the 
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alkaline  boilings,  and  that  the  latter  predispose  them  to 
oxidation. 

Well-bleached  linen  ought  not  to  be  discoloured  when 
steeped  in  a  dilute  solution  of  ammonia ;  if  by  this  treat- 
ment the  linen  acquii'es  a  yellow  tint,  it  is  a  sign  that  the 
pectic  matters  have  not  been  entii-ely  removed. 

The  usual  period  requii-ed  for  bleaching  brown  linen 
varies  from  three  to  six  weeks. 


CHAPTER    VII. 

WOOL    SCOURING    AND    BLEACHING. 

62.  Object  of  ScouringWooL— The"scouring"of  wool 
has  for  its  object  the  complete  removal  of  all  tliose 
natural  and  artificial  impurities  (yolk,  dirt,  oil,  <i:c.)  which 
would  otherwise  act  injuriously  during  the  processes 
of  weaving  or  dyeing. 

The  paramount  importance  of  having  woollen  material 
thoroughly  well  cleansed  or  scoured  pre%ious  to  dyeing, 
cannot%e  too  much  insisted  upon.  If  the  operation  be 
omitted,  or  be  improperly  or  incompletely  performed, 
each  fibre  remains  varnished,  as  it  were,  with  a  tliin 
layer  of  fatty  matter,  which  resists  to  a  gi'eater  or  less 
degi-ee  the  absorption  and  fixing  of  mordant  or  colour- 
ing matter.  The  final  result  is,  that  the  material  is 
badly  or  unevenly  dyed,  and  appears  "flecked,'' 
"stripey,"  &c.,  or  since  the  colouring  matter  can  only  be 
superficially  deposited,  it  is  readily  removed  by  the  sub- 
sequent operations  of  washing,  milling,  (fcc. 

It  has  already  been  mentioned,  when  consideriug  the 
wool  fibre,  that  raw-icool  is  impregnated  or  encrusted 
w-ith  yolk,  consisting  essentially  of  certain  fatty  matters, 
free  fattv  acids,  &c.  Woollen  yarn  and  cloth  always 
contain  oil   (olive  oil,  oleic  acid,  &c.)   to  the  extent  of 
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about  10 — 15  per  cent.,  which  has  been  sprinkled  on 
the  wool  for  the  purpose  of  facilitating  the  spinning 
process. 

It  would  be  a  great  advantage,  however,  if  manu- 
facturers would  begin  to  use  neutralised  sulphated  castor- 
oil  or  castor-oil  soap  solutions  instead  of  oil,  for  this 
purpose.  Cloth  which  required  milling  after  dyeing 
(e.g.,  mixtui'es,  tweeds,  ttc),  or  previous  to  dyeing,  would 
then  need  no  scouring  with  alkali,  but  merely  a  simple 
washing  in  soft  water.  This  plan  is  already  adopted  with 
success  in  Belgium. 

The  method  of  remo%'ing  yolk,  oil,  (tc,  from  wool, 
which  first  suggests  itself,  is  that  of  saponifying  or  emul- 
sifying them  by  means  of  weak  alkaline  solutions,  and 
such,  indeed,  are  the  agents  most  largely  employed  for  the 
purpose  of  wool  scouring. 

The  choice  of  the  most  suitable  alkaline  scouring 
agent  and  the  best  temperature  to  be  employed  depend 
upon  the  quality  and  origin  of  the  wool. 

In  modem  times  other  agents  of  a  volatile  nature, 
and  cajiable  of  dissolving  fatty  substances,  have  been 
proposed  and  to  some  extent  emploj^ed — e.g.,  fusel  oil, 
ether,  light  petroleum  oil,  carbon  disulphide,  (tc. — and  it 
is  by  no  means  improbable  that  some  member  of  this 
class  will  form  the  wool-cleansinjj  a«;ent  of  the  future. 
It  must  be  remembered,  however,  that  these  volatile 
liquids  are  essentially  solvents  for  fatty  matters,  and  not 
for  alkaline  oleates.  A  wash  in  a:  in  water  would  there- 
fore  always  have  to  take  place  in  addition. 

63.  Scouring  Agents. — iMut  or  stale  urine  is  the 
detergent  which  has  been  employed  for  wool-scouring 
from  the  earliest  times,  and  it  is  effective  because  of  the 
ammonium  carbonate  it  contains.  Though  still  used, 
this  agent  has  been  largely  supplanted  by  others,  such 
as  ammonia,  sodium  carbonate,  soap,  ttc. 

Stale  urine,  used  in  the  proportion  of  one  measure  to 
about  five  of  water,  gives  excellent  results  in  most  cases. 
It  leaves  the  wool  clean  and  with  its  normal  physical 
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properties  of  softness,  elasticity,  &c.,  unimpaired,  its 
disagreeable  odour  being  its  main  defect.  Ammonium 
carbonate  is  the  most  rational  substitute  for  "lant," 
and  represents,  perhaps,  one  of  the  best  alkaline  deter- 
gents, especially  if  used  along  with  soap ;  but  it  is 
still  too  expensive  for  general  use.  As  a  mild 
scouring  agent  for  the  better  classes  of  wool,  j^otash  or 
soda  soap  is  largely  employed.  Satisfactory  results  are 
obtained  with  these  if  the  soap  is  of  good  quality,  and 
free  from  excess  of  caustic  or  carbonated  alkali.  Other 
things  being  equal,  the  most  soluble  soaps  are  to  be 
preferred,  such  as  potash  soaps,  or  soda  soaps  made  from 
oleic  acid.  An  average  soap  solution  may  contain 
30 — 50  grams  of  soap  per  litre  of  water.  An  addition 
of  ammonia  to  the  soap  solution  is  frequently  made  for 
the  purpose  of  increasing  its  detergent  properties.  An 
important  consideration  to  be  remembered  when  using 
soap  is,  that  the  water  should  be  as  free  as  possible  from 
lime  and  magnesia  [see  p.  123)  to  avoid  the  formation  of 
lime  and  magnesia  soaps. 

The  scouring  agent  most  largely  employed,  either  alone 
or  mixed  with  soap,  is  sodium  carbonate^  of  which  excel- 
lent qualities  (Solvay  soda,  "  Crystal  carbonate,"  &c.)  are 
now  to  be  had.  When  used  with  judgment  and  care,  it 
leaves  the  wool  but  little  affected,  and  being  inexpensive  it 
is  well  adapted  for  wools  of  medium  and  low  quality.  The 
injurious  effects  of  using  a  calcareous  or  magnesian  water 
are  less  marked  with  this  agent  than  with  soap,  since  the 
calcium  and  magnesium  carbonates  precipitated  on  the 
wool  are  of  powdery  nature  and  more  readily  removed. 
The  presence  of  caustic  soda  must  always  be  rigidly 
avoided.  The  concentration  of  the  soda  solution  should 
be  such  that  it  stands  at  1°— 2^  Tw.  (Sp.  Gr.  1-005 
—1-01),  or  say  10—20  grams  Na.COs.lOHoO  per  litre. 
It  may  be  stated,  as  a  general  rule,  that  the  best  results 
are  obtained  (i.e.,  as  regards  feel  and  lustre  of  wool) 
by  using  the  solutions  of  alkaline  detergent  as  dilute, 
and  at  as  low  a  temperature,  as  is  consistent  with  the 
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complete  removal  of  all  impurities.  The  temperature 
may  vary  from  40°  to  55°  0. 

Other  substances  have  from  time  to  time  been  recom- 
mended as  useful  additions  to  the  scouring  bath,  e.g.^ 
common  salt,  ammonium  chloride,  decoction  of  soap 
bark  [Quillaya  sa2?onaria),  olein,  resin  soap,  pigs' manure 
(Seek),  &c.  Some  of  these  may  act  beneficially  in 
certain  cases,  but  as  a  rule  the  previously  mentioned 
scouring  agents  are  more  generally  useful.  Ammonium 
chloride  may  de-alkalise  soap,  or  if  used  along  with 
sodium  carbonate  may  be  beneficial  because  of  the  am- 
monium carbonate  produced.  OLin  and  reF:in-soap  pro- 
bably assist  emulsification,  while  seek,  which  is  frequently 
employed,  is  effective  because  of  its  alkalinity. 

Patent  or  secret  scouring  substitutes  should  be 
strictly  avoided ;  they  are  either  worthless,  or,  if  useful, 
they  can  be  prepared  by  the  scourer  himself  more 
economically.  Secrets  both  in  scouring  and  in  dyeing 
belong  rather  to  the  past  than  to  the  present  age. 

64.  Loose-Wool  Scouring. 

a.  Scouring  with  Alkaline  Solutions. — In  its  most 
complete  form  the  scouring  (Fr.,  lavage)  of  raw  or  greasy 
wool  should  consist  of  at  least  three  operations  : — 

1st.  Steeinng  or  washing  with  water  (Fr.,  desuintage). 

2nd.  Cleansing  or  scouring  proper  with  weak  alkaline 
solutions  (Fr.,  degraissage). 

3rd.  Rinsing  ov final  ivashing  with  water  (Fr.,ringage). 

In  England  the  first  operation  is  omitted,  sometimes 
because  the  wool  has  been  already  more  or  less  com- 
pletely washed  by  the  wool  grower,  in  order  to  lessen 
the  expense  of  transport,  but  more  frequently  because 
the  opinion  prevails  that  the  operation  is  unnecessary 
and  only  entails  additional  expense.  It  is  contended,  and 
indeed  with  some  degree  of  truth,  that  the  soluble  portion 
of  the  yolk,  owing  to  its  alkaline  nature,  renders  material 
assistance  in  the  scouring  bath. 

On  the  other  hand,  this  system  has  certain  defects. 
The  scouring  bath  becomes  more  readily  soiled  and  rapidly 
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varies  in  composition,  so  that,  unless  it  be  frequently- 
renewed,  it  soon  scours  the  wool  insufficiently,  or  may  even 
stain  it  injuriously.  Under  ordinary  circumstances,  and 
scouring  with  sodium  carbonate  or  with  soda  soaps,  the 
yolk  is  entirely  lost. 

When  the  wool  contains  only  a  small  percentage  of 
yolk,  the  steeping  process  for  the  recovery  of  yolk-ash 
may  well  be  omitted,  but  its  adoption  in  the  case  of 
wools  rich  in  yolk  {e.g.,  Buenos  Ay  res  wool,  &c.)  is 
certainly  to  be  recommended  as  distinctly  advantageous. 
In  Belgium  and  France  it  is  largely  carried  on. 

Steeping. — To  be  effective  the  process  must  be  syste- 
matic, the  water  should  be  heated  to  about  45°  C,  and 
the  wool  if  possible  agitated. 

In  practice,  the  last  point  is  not  attempted  on 
economical  grounds,  and  the  wool  is  simply  steeped  in, 
or  rather  systematically  washed  with,  tepid  water  in  the 
following  manner : — 

Four  or  five  large  iron  tanks  capable  of  being  heated 
by  steam  are  filled  with  the  raw  wool.  The  first  one  is 
then  filled  with  tepid  water  (45°  C.)  and  the  w^ool  is  allowed 
to  steep  for  several  hours  until,  indeed,  no  further 
quantity  of  yolk  is  dissolved  ;  by  means  of  a  siphon, 
steam-injector,  pump,  or  other  means,  the  liquid  is 
removed  to  the  second  tank,  where  it  is  also  allowed  to 
remain  (at  45°  C.)  until  it  again  ceases  to  dissolve  yolk  ; 
it  is  then  in  like  manner  removed  to  tanks  3  and  4, 
until  finally  it  becomes  perfectly  saturated  with  yolk,  and 
is  ready  for  being  evaporated  to  dryness,  calcined,  &c.,  to 
obtain  the  yolk-ash.  Simultaneously  with  what  has  just 
been  described,/re5/(!,  water  (45°  C.)  is  made  to  circulate  in  a 
similar  manner  through  the  several  tanks,  until  at  length 
the  wool  in  tank  is'o.  1  is  entirely  deprived  of  the  soluble 
constituents  of  the  yolk  ;  the  wool  being  now  ready  for 
the  scouring.  This  tank  is  emptied  and  refilled  with  raw 
w^ool.  So  soon  as  this  has  taken  place,  the  steeping 
water  is  made  to  circulate  through  the  tanks  in  the 
order   of  Nos.   2,  3,  4,   1,   so    that    the  saturated  yolk 
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solution  is  now  dra-wn  off  from  the  newly  filled  No.  1 
tank,  and  the  wool  contained  in  No.  2  tank  is  exhausted, 
which  is  then  duly  emptieil  and  refilled.  By  this  method 
the  wool  in  each  tank  becomes,  in  turn,  gradually  deprived 
of  yolk,  and  supposing  the  tanks  to  be  arranged  in  a  circle, 
the  points  at  which  the  fresh  water  is  introduced  and  the 
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Fag.  28.— Wool-Steeping  Tanks. 


saturated  yolk  solution  withdrawn,  are  always  two  con- 
tiguous tanks,  and  move  gradually  round  the  circle.  The 
m^ain  principle  of  the  process  is,  that  the  raw  greasy  wool 
is  always  first  washed  T^ith  wat^r  already  pretty  well 
saturated  with  yolk,  the  partly  extracted  wool  is  brought 
into  contact  with  weaker  yolk  solutions,  while  the  most 
thoroughly  exhausted  wool  is  washed  with  fresh  wat^r. 

Figs.  28  and  29  represent  an  arrangement  of  washing 
tanks  designed  by  H.  Fischer  with  a  view  to  economise 
space  and  labour. 
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A,  B,  c,  D,  represent  four  iron  tanks  suspended  be- 
tweei  two  large  wheels  F,  having  the  common  axis  e. 
One  of  the  wheels  is  provided  with  teeth,  which  work 
against  the  small  cog-wheel  of  a  windlass,  the  arrange- 
ment being  such  that  the  whole  apparatus  can  be  readily 
turned  at  G  by  a  single  workman.     Each  tank  can  thus 


Fig.  29.— Wool-steeping  Tanks. 

be  raised  in  turn  to  a  high  level  for  the  purpose  of  drain- 
m<y  the  wool  it  contains  and  running  the  liquid  into  the 
next  tank. 

The  following  numbers  giving  the  amount  of  dry 
yolk  in  yolk  solutions  of  different  degrees  of  concentra- 
tion are  calculated  from  data  published  by  Havrez  : — 


Spec.  Gravity  of 

yolk  so'uliou. 

1-377 

1-215 

1-102 

1-048 

1-025 

1-012 

1-006 

Degrees 
Twaddeil. 
75-4 
43 

Amoxuit  of  dry  yolk 
contained  in  one  litre 

769  grams. 

376      „ 

20-4 
9-6 
5 

2-4 
1-2 

175      „ 

72      „ 

37      „ 

17      „   . 

8      „ 

According  to  M.  Chandelon,  1,000  kilos,  of  raw  wool 
mav  furnish  313  litres  of  yolk  solution  of  Spec.  Grav. 
1-25  (50°  Tw.),  having  a  value  of  15s.  6d.,  while  the  cost 
of  extraction  does  not  exceed  2s.  6d. 
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Fig.  30  represents  a  furnace  for  the  manufacture  of 
carbonate  of  potash  from  yolk,  devised  by  H.  Fischer. 

The  concentrated  yolk  solution  is  fii'st  put  into  the 
tank  a  and  warmed  by  the  waste  heat  of  the  furnace. 
Sometimes  tank  a  is  situated  at  a  high  level  and  the 
concentrated  yolk  solution  is  led  into  the  chimney,  where 
it  trickles  down  in  a  zig-zag  course  across  overlapping 
steps  at  once  into  the  chamber  h.  The  flow  can  be  so 
regulated  that  the  level  of  the  liquid  in  6  is  constant. 
In  the  regular  course  of  work  the  liquid  is  run  from  the 
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Fig  30. — Section  of  Furnace  for  Making  Yolk-ash. 


tank  a  into  the  evaporating  chamber  6,  and  when  partly 
evaporated  here,  it  is  led  by  a  connecting  pipe  into  the 
calcining  chamber  c,  where  it  is  evaporated  down  to  a 
thick  syrupy  consistency.  Very  soon,  OTNTug  to  the 
organic  matter  contained  in  it,  it  ignites,  and  the  fire  at 
d  can  be  much  moderated.  The  calcined  mass  in  c 
is  worked  about  with  a  rake  until  it  acquires  a  dirty 
grey  colour,  when  it  is  withdrawn  and  allowed  to  cool. 
In  the  meantime,  the  liquid  in  h  has  been  evaporating, 
and  fresh  liquid  has  been  warmed  in  a.  "When  properly 
managed  the  process  is  almost  continuous.  Care  must  be 
taken  in  admitting  new  liquid  from  h  into  the  red-hot 
chamber  c,  since  it  froths  up  very  considerably.  The  pipe 
connectinc:  h  and  c  is  so  arransjed  that  it  can  be  readily  re- 
moved  and  cleaned.  Comparatively  little  coal  is  required, 
since  it  is  largely  economised  through  the  burning  of  the 
organic  matter  of  the  yolk  itself.     It  has  been  found  in 
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practice,  that  to  evaporate  12  kilos,  of  water  in  such  a 
furnace  1  kilo,  of  coal  is  required.  Yolk-ash  is  recovered  in 
Eoubaix,  Antwerp,  Yerviers,  Louvain,  Brugge,  Hanover, 
Dohren,  and  Bremen. 

Scouring  and  Washing.  — Jn  small  establishments 
the  wool  is  thrown  (and,  indeed,  without  previous 
steeping)  into  a  large  tank  filled  with  the  scouring  liquid, 
and  worked  about  by  hand  for  a  short  time  with  poles, 
it  is  then  lifted  out  with  a  fork,  drained  on  a  wooden 
screen,  and  well  washed  several  times  in  a  cistern  having 
a  perforated  false  bottom.  Whei.  soap  is  used,  the  excess 
of  liquid  is  removed  by  a  paiv  of  squeezing  rollers  before 
washing.  Obviously,  by  th^s  method  the  wool  is  only  in- 
completely or  irregularly  scoured,  hence  in  large  and 
well-equipped  establisl  nents,  after  "  steeping,"  it  is 
passed  through  the  wool-scouring  machine.  There  are 
many  varieties,  e.g.,  those  of  Petrie,  M'Xaught,  Crabtree, 
Sirtaine  and  Melen,  ifcc,  but  it  is  beyond  the  province  of 
this  work  to  discuss  their  different  points  of  merit.  As  a 
typical  representative,  the  rake-machine  (Fig.  31)  of 
M']S^ aught  may  be  described. 

It  consists  of  a  large  cast-iron  trough,  provided  with 
an  ingenious  arrangement  of  forks  or  rakes.  The  wool 
is  introduced  at  one  end  of  the  trough  and  evenly  spread 
on  an  endless  apron  or  feeder  situated  at  a.  It  is 
immediately  pressed  beneath  the  surface  of  the  scouring 
solution  by  the  rotating  immerser  6,  and  then  gradually 
passed  forward  by  the  to-and-fro  digging  motion  of  the 
reciprocating  rake^  c,  c.  At  e  there  is  suspended  a 
stationary  oblique  rake  or  grating,  which  the  recipro- 
cating rakes  intersect ;  its  purpose  is  to  prevent  a  too 
rapid  forward  progression  of  the  wool.  By  the  move- 
ment of  the  rakes,  the  wool  is  well  worked  in  the  scouring 
liquid  and  carried  gradually  to  the  other  end  of  the 
trough.  It  is  there  lifted  out  by  a  swing  rake  c  and  the 
special  mechanism  /,  then  passed  through  a  pair  of 
squeezing  rollers  and  thrown  off  by  a  fan  ^  in  a 
loose,  open  condition.     The  wool  is  afterwards  washed 
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with  water  in  a  similar 
machine. 

A  really  effective 
scourinsr  arrangrement 
consists  of  at  least  three 
such  machines,  placed  in 
line,  so  that  the  wool  may- 
be passed  automatically 
from  one  to  the  other. 
The  operation  of  scouring 
and  washing  thus  becomes 
continuous,  regular,  and 
complete. 

The  first  machine  into 
which  the  wool  is  intro- 
duced contains  more  or 
less  soiled  scouring  liquor, 
which  has  already  been 
used  in  the  second  trough ; 
the  latter  contains  fresh 
scouring  liquor,  and  the 
third  a  continual  flow  of 
clean,  cold,  or  preferably 
tepid,  water.  Each  trough 
is  fitted  with  a  perforated 
false  bottom,  beneath 
which  dirt  may  collect, 
and  each  pair  of  machines 
is  connected  with  an  in- 
jector pipe,  for  the  pur- 
pose of  transferring  the 
liquor  from  one  to  the 
other,  as  occasion  requires, 
in  a  direction  opposed 
to  that  of  the  movement 
of  the  wool. 

The  great  object  of  the 
wool-scourer  should  be,  to 
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maintain  the  composition  of  the  second  bath  as  constant 
as  possible,  or  at  least  not  to  allow  it  to  become  too 
much  soiled.  This  is  effected  partly  by  the  squeezing 
rollers  between  the  first  and  second  machines,  and  partly 
by  emptying  the  first  bath  the  moment  it  gets  charged 
with  fatty  matter,  transferring  to  it  the  slightly-soiled 
liquor  of  the  second  bath,  and  refilling  the  latter  with 
fresh  scouring  solution.  Ko  doubt  a  still  more  regular 
and  complete  scour  would  be  obtained  by  having  a  range 
of  four  troughs  instead  of  three.  If  the  amount  of  fatty 
matter  remainincj  in  the  wool  after  scourinaf  exceeds 
1  per  cent.,  the  operation  must  be  regarded  as  having  been 
inefficiently  performed. 

Magma  Process . — The  waste  scouring  liquor  ought  to  be 
collected  in  stone  lined  pits,  and  there  neutralised  or  acidi- 
fied with  sulphuric  acid.  The  magma  of  fatty  matter  which 
rises  to  the  surface  is  collected,  drained  in  filter  bags,  and 
sold  to  oil  dealers.  If  soap  has  been  the  scouring  agent 
employed,  the  fatty  acids  thus  recovered  are  all  the 
more  valuable,  but  in  any  case  the  spent  scouring  liquors 
should  never  be  allowed  to  pollute  the  neighbouring 
stream. 

h.  Scouring  with  Volatile  Liquids.  —  This  is  more 
advantageous  than  the  alkaline  method,  because  it  de- 
prives the  wool  more  completely  of  its  wool-fat,  and 
the  injurious  efiect  of  the  alkalis  is  entirely  removed. 
On  the  other  hand,  the  method  is  more  costly,  and  by 
the  use  of  soTne  extracting  liquids  the  wool  may  certainly 
be  modified. 

Some  consider  that  since  oil  must  be  added  to  the 
wool  before  spinning,  it  is  not  necessary  to  remove 
the  whole  of  the  natural  fatty  matters  from  raw  wool. 
Whether  this  view  be  correct  or  not  as  far  as  spinning  is 
concerned,  it  is  certainly  not  to  be  entertained  if  the  loose 
wool  has  to  be  dyed 

Up  to  the  present  time,  wool  scouring  with  volatile 
liquids  has  not  met  with  general  acceptance,  partly 
because  of  the  attendant  danger  if  not  employed  with 
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great  care  and  \\-itli  suitable  appliances.  The  difficulties, 
however,  are  not  insufferable,  and  ha%'e,  indeed,  been 
more  or  less  overcome  by  Da  Hevl,  Van  Haecht,  and 
others. 

One  method  recently'  proposed  is  that  of  T.  J.  Mailings, 
The  wool  is  placed  in  an  enclosed  centrifugal  machine,  and 
submitted  to  the  action  of  disulphide  of  carbon.  When 
this  liquid  is  saturated  with  yolk,  the  machine  is  set  in  mo- 
tion to  remove  the  bulk  of  it,  the  remaining  portion  being 
3xpelled  by  admission  of  water.  The  wool  is  afterwards 
washed  with  water  in.  the  usual  washing  machines.  The 
novel  feature  in  the  process  is  the  expulsion  of  the  carbon 
disulphide  by  displacing  it  with  water,  by  which  means 
the  wool  does  not  acquire  the  yellow  tint  it  invariably 
assumes  when  heat  is  employed  for  this  purpose.  The 
mixture  of  carbon  disulphide  and  water  is  collected  in  a 
tank  ;  after  settling,  the  former  is  drawTi  oft'  from  below 
and  recovered  for  subsequent  use  by  distillation.  Experi- 
ments are  said  to  have  shown  that  wool  cleansed  in  this 
way  is  stronger,  and  will  spin  finer  yam,  and  with  less 
waste,  than  if  scoured  by  the  ordinary  method  with  soaj), 
and  this  is  done  at  one-eighth  of  the  usual  cost.  This 
process  has  been  recently  tried  on  a  large  scale  with  a 
cei'tain  degree  of  success. 

65.  Yam  Scouring. — The  scouring  of  woollen  yam 
is  more  readily  efiected  than  that  of  raw  wool  if  the  oil 
with  which  it  has  been  impregnated  by  the  spinner  has 
been  of  good  quality  {e.g.,  olive  oil).  It  has  always 
been  considered  that  the  difficulty  is  increased  if  cheap 
oils  have  been  used  which  contained  an  appreciable 
amount  of  mineral  oil,  since  this,  being  a  hydro-carbon 
and  not  a  gh^ceride,  is  unsaponifiable.  Experiments 
by  C.  Koth  seem  to  show,  however,  that  this  view  is 
erroneous. 

a.  Stretc}iing  of  Tarn. — Those  yams  which  are  hard 
twisted  requii'e  this  preliminary  process  in  order  to 
remove  their  curly  appearance  and  to  prevent  them  from 
shrinking    during    the    subsequent    scouring   operation. 
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For  this  purpose  the  «  yarn-stretchiiig  "  macliine  (Fig.  32) 

is  employed.  . 

It  consists  of  two  vertical  iron  screws  d,  connectmg 


Fig.  32.— Yaru-stretchiDg  MacliJaie. 

two  horizontal  hars  A,  B,  one  above  the  other,  each 
fitted  with  a  series  of  metal  pegs  or  arms  c,  on  which 
the  hanks  are  suspended.  The  lower  bar  B  is  fixed, 
while   the  upper  one   A  is   capable  of  behig  moved  up 
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or  down  by  turning  the  vertical  iron  screws,  and  fixed  at 
any  point.  After  filling  the  arms  c  with  yarn,  as  indicated 
in  the  figure,  the  bar  a  is  screwed  up  until  the  yarn  is  suit- 
ably stretched.  In  this  condition  the  whole  apparatus  is 
immersed  in  a  bath  of  boiling  water,  and  after  a  few 
minutes  removed.  Those  portions  of  the  hanks  imme- 
diately in  contact  with  the  pegs  are  still  unaffected  and 


Pig.  34.— Continuous  Woollen  Yarn-scouring  Machine, 

look  curly.  Hence  after  relaxing  the  tension  of  the 
hanks,  their  positions  on  the  pegs  are  changed,  they  are 
again  screwed  up,  and  the  immersion  in  boiling  water  is 
repeated.  When  taken  out  and  allowed  to  cool,  the  yarn 
is  taken  off  ready  for  scouring. 

The  principle  of  the  operation  has  been  referred  to  in 
speaking  of  the  hygroscopic  and  elastic  nature  of  the 
wool  fibre  {see  p.  28). 

h.  IScouringofYarn. — Yarn  scouring  is  generally  done 
by  hand  in  an  ordinary  rectangular  wooden  tank,  the 
liquor  being  heated  by  means  of  a  perforated  copper  steam- 
pipe.  The  hanks  are  suspended  on  SQiooth  wooden  rods 
placed  across  the  tank,  on  each  side  of  which  stands  a 
workman  (see  Fi^s.  45,  70).  One  by  one  the  rods  full  of 
yarn  are  taken  up,  once  or  twice  swayed  to  and  tro,  and 
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then  each  hank  is  carefully  lifted  up  and  turned,  so  that 
the  exposed  portion  resting  on  the  rod  may  become  im- 
mersed. This  is  frequently  facilitated  by  means  of  a  second 
and  thinner  rod,  which  is  inserted  in  the  loop  of  the 
hanks,  immediately  beneath  the  suspending  rod,  so  that 
the  whole  rod  full  of  hanks  may  be  turned  at  once,  and 


Fig.  35.— Woollen  Cloth-scouring  Machine. 


w-ithout  scalding  the  hands.  The  whole  operation  is 
systematically  repeated  duiing  fifteen  to  twenty  minutes, 
after  which  the  yarn  is  transfeiTed  to  a  second  tank 
containing  cleaner  scouring  liquid.  Here  the  process  of 
turning  is  repeated,  after  which  the  yam  is  washed, 
either  by  the  same  method  or  by  placiug  the  rods  full 
of  hanks  on  a  pair  of  horizontal  bars,  situated  beneath 
a  pei-foi^ted  wooden  tray,  on  which  water  is  flo"wing  ;  the 
yam  thus  receives  an  efficient  shower  bath. 
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Scouring  partly  by  hand  and  partly  by  machine  is 
effected  by  the  apparatus  represented  in  Fig.  33,  and 
made  by  Thos.  Aimers  and  Sons,  Galashiels. 

The  yarn  is  suspended  on  reels  projecting  from  one 
side  of  the  scouring  box,  and  caused  by  steam-power  to 
revolve  in  the  scouring  solution  alternately  in  each  direc- 
tion for  a  short  time.      The  hanks  are  then  taken  off  the 


Fig.  36.— Section  of  Machine  shown  in  Fig.  35. 

reels,  placed  on  a  moving  endless  band,  and  thus  led 
through  a  pair  of  squeezing  rollers,  to  be  washed  with  water 
in  a  similar  machine.  In  some  machines  the  reels  are 
omitted,  and  the  hanks  worked  in  the  liquid  by  hand. 

A  perfectly  continuous  method  of  scouring  by 
machinery  alone,  is  that  in  which  the  loose  hanks  of 
yarn  are  placed  on  a  feeding  apron,  and  borne  along 
between  two  broad  endless  bands,  through  a  succession 
of  scouring  baths  fitted  with  a  series  of  squeezing  rollers. 

Another  continuous  method  is  that  carried  out  by 
means  of  the  machine  represented  in  Fig.  3  J:. 


108  DYEIXG    OF    TEXTILE    FABRICS.  [Chap.  VII. 

The  hanks  are  linked  together  by  means  of  a  small 
knotted  and  twisted  loop  of  cord.  The  chain  of  yam 
thus  formed  is  then  passed  continuously  through  a  series 
of  three  machines,  similar  to  the  one  represented,  c.  The 
squeezing  rollers  A  and  B  are  thickly  covered  with  some 
soft,  durable  material,  e.g.,  silk  noils. 

66.  Cloth  Scouring. — Woollen  cloth  is  either  scoured 
in  the  '■'■  chain  "  form  or  in  the  open  width,  the  latter  being 
the  preferable  mode,  since  the  operation  cannot  but  be 
thus  more  evenly  performed,  and  does  not  tend  to  produce 
creases  in  the  mateiial. 

Figs.  35  and  36  represent  (in  perspective  and  in 
section)  the  common  chain-scouring  machine,  usually 
termed  a  "  dolly. "  It  consists  essentially  of  a  pair  of 
heavy  wooden  squeezing  rollers  a  b,  placed  over  a  box 
or  trough  c  containing  the  scouring  solution.  The 
pieces  are  stitched  end  to  end,  to  form  an  endless 
band,  and  this  is  made  to  pass  continuously  for  twenty 
minutes  or  so  between  the  rollers,  the  lower  one  of 
which,  since  it  is  partially  immersed,  carries  the  solution 
to  the  cloth.  D  is  a  steam  pipe  for  heating  the  scouring 
solution,  E  an  empty  wooden  box,  F  and  G  are  guiding 
rollers.  The  operation  is  repeated  with  fresh  solution  in 
another  similar  machine,  and  the  pieces  are  afterwards 
washed  w^ith  clean  water. 

The  machine  employed  for  scouring  cloth  in  the  open 
width  is  shoT^-n  in  Fig.  37.  It  is  much  broader  than  the 
one  just  described,  in  order  to  suit  the  width  of  the 
cloth,  and  certain  straining  bars  F  are  required  for  the 
purpose  of  k€>eping  the  cloth  opened  out  and  free  from 
creases  previous  to  its  passage  between  the  squeezing 
rollers  a,  b,  which  are  prefei'ably  of  iron,  in  order  to 
give  a  more  equal  pressure  across  the  whole  width  of  the 
cloth-  Immediately  below  these  rollers  is  the  trough  c 
containing  the  scouring  solution.  The  perforated  water- 
pipe  H  is  used  when  the  pieces  are  washed  in  this  machine 
after  scouring. 

67.  Scouring  of  Union  Goods. — The  scouring  of  thin 
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materials  with  cotton  warp  and  woollen  weft   presents 
certain  difficulties.      The   different  hygroscopic,  elastic, 


Fig.  37. — ^Woollen  Cloth  open-width  Scoimug  Machine. 


and  other  physical  properties  of  cotton  and  wool,  cause 
such  materials,  if  simply  scoured  in  the  ordinary  way, 
to  contract  or  shrink  irrejjularlv  over  the  whole  surface 
of   the  fabric,  so  that  they  assume,  when  dried,  a  rough 


110 


Chap.  VII.]  CRABBING.  Ill 

shrivelled  appearance  which  renders  them  quite  unsale- 
able. Special  appliances  and  methods  are  in  consequence 
required.  The  scouring  of  thin  union  goods  comprises 
the  operations  of  Crabbrag,  Steaming,  and  Scouring. 

(a)  Crabbing  or  Fixing. — The  object  of  this  and  the 
following  operation  is  to  prevent  the  material  from  ac- 
quiring the  "cockled/'  "  curled,"  or  shrivelled  appearance 
above  alluded  to.  It  also  imparts  a  permanent  and  inde- 
structible lustre  and  finish  of  a  peculiar  quality,  which  is 
not  removed  or  affected  by  any  subsequent  operation. 

Fioj.  38  shows  the  arranorement  of  a  treble  crabbin^j 
machine. 

The  cloth  A  wrapped  on  the  roller  or  beam  b  is  passed 
in  the  open  width,  and  in  a  state  of  tension,  below  the 
roller  d  and  throuo^h  boiling  water  contained  in  the 
vessel  c,  then  immediately  between  the  pair  of  heavy 
iron  rollers  b  and  e,  under  great  pressure.  It  is  at  once 
tightly  wrapped  or  beamed  on  the  lower  roller  b,  there- 
fore, while  still  revolving  in  the  hot  water.  The  process 
is  repeated  with  boiling  water  in  the  second  trough,  and 
again  with  cold  water  in  the  third  trough.  The  tension 
of  the  cloth  and  the  pressure  of  the  rollers  are  varied 
according  to  the  quality  of  the  goods,  and  the  particular 
feel,  lustre,  and  finish  ultimately  required.  With  such 
goods  as  must  have  subsequently  a  soft  feel  or  '•  handle  " 
— e.g.,  Cashmeres,  Coburgs,  d'c, — no  pressure  at  all  is 
employed,  the  pieces  being  simply  beamed  tightly  on  the 
bottom  roller. 

(6)  Steaming. — The  pieces  are  unwrapped  from  the  last 
crabbing  roller  [i.e.,  from  the  cold  water),  and  tightly 
wrapped  on  the  perforated  revolving  iron  cylinder  g.  Steam 
is  admitted  through  the  axis  of  this  cylinder  for  the  space 
of  about  ten  minutes,  or  until  it  passes  freely  through 
the  cloth.  In  order  to  submit  every  portion  of  the  piece 
to  an  equal  action  of  the  steam,  the  process  is  repeated 
with  the  cloth  tightly  beamed  on  a  second  and  similarly 
perforated  roller  g',  so  that  those  portions  of  the  cloth 
which   were   on   the   outside    are    now    in    the    interior. 
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These  perforated  steam-cylinders  are  frequently  quite 
separated  from  the  crabbing  machine,  and  then  usually  rest 
on  a  steam  nozzle  in  a  vertical  or  horizontal  position. 

(c)  Scouring. — The  cloth,  being  now  "  set,"  as  it  is 
t^echnically  termed,  is  scoured  for  half-an-hour  or  more, 
with  soap  solution  at  40° — 50°  C.  in  the  "  Dolly "  or 
*'  open  width  "  machine,  above  described. 

The  sequence  of  operations  as  here  given,  although 
frequently  employed,  is  not  altogether  rational. 

The  best  results  are  obtained  by  crabbing  and  scouring 
simultaneously,  and  then  steaming.  To  accomplish  this, 
the  boiling  water  in  the  crabbing  troughs  is  merely  re- 
placed by  a  solution  of  soap,  sodium  carbonate,  or  other 
scouring  agent.  It  is  found  that  to  steam  the  cloth  in 
its  oily  state  exercises  some  injurious  action,  and  renders 
it  liable  to  contract  dark  stains  during  mordanting,  espe- 
cially if  stannous  mordants  are  employed.  It  is  possible 
that  the  oil  is  more  or  less  decomposed,  and  a  portion 
becomes  fixed  on  the  fibre. 

68.  Bleaching  of  Wool. — Wool  is  generally  bleached 
either  in  the  form  of  yam  or  cloth,  but  only  when  it  is 
intended  to  remain  white,  or  if  it  has  to  be  dyed  in  very 
light  delicate  colours.  The  bleaching  agent  universally 
adopted  is  sulphur  dioxide.  According  to  the  state  in 
which  it  is  applied,  either  in  the  form  of  gas  or  dissolved 
in  water,  one  may  distinguish  between  "  gas  bleaching  " 
and  "liquid  bleaching,"  and  of  these  the  former  is  more 
generally  emploj^ed.  In  recent  years  that  excellent 
bleaching  agent,  hydrogen  dioxide,  has  become  an  article 
of  commerce,  and  no  doubt  would  be  more  largely  used  in 
woollen  bleaching  than  it  is  at  present,  if  only  it  were 
less  costly. 

Gas  Bleaching^  Stoving,  or  Sulphuring. — Yarn  is  first 
scoured  andwell  washed,  then  suspended  on  poles  and  placed 
in  the  sulphur  stove — a  spacious  brick  chamber  which  can 
be  charged  with  sulphur  dioxide.  The  necessary  amount  of 
sulphur  (in  the  proportion  of  6 — 8  per  cent,  of  the  wool  to 
be  bleached)  is  placed  in  an  iron  pot  in  one  corner  of  the 
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Chamber,  and  ignited  by  inserting  -^'^'j^'l^'^^f'^lZ 
i,  then  closed,  and  the  moist  yarn  is  left  exposed  to  tae 
action  of  the  gas  for  six  to  eight  hours  or  even  over- 
night Afterwfrds  the  chamber  is  thorough  yventdated, 
the  Yarn  is  removed  and  well  washed  in  water. 

&eavy  woollen  cloth,  such  as  blanketing,  is  treated 
ia   exactly   the   same  manner  as  yarn,  but   with   tluu 


Fig.  39.-Sulpliur  Stove  for  WooUen  Cloth  Bieaclui^g 
^    -ol      .n     merino    etc.— the  operation  is  preferably 

^'Ten'framt   tavin'role^s  above  and  helow.      The 

rTof  WdTe'  uLd  with  lead   and  heated  -ths^am 

\r.  nrrlpr  to  nrevent  condensation.       Ihe  sto^e  ib 

E;ed\l  su%C  dioxide  as  already  described^  or, 
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under  and  over  the  rollers,  and  passes  out  again  by  the 
same  oj>ening.  The  number  of  times  the  cloth  is  passed 
through  the  stove  varies  according  to  the  appearance  of 
the  cloth- 

In  liquid  bleaching,  the  wooUen  material  is  worked 
and  steeped  for  several  hoars  either  in  a  solution  of 
sulphurous  acid  or  in  a  solution  containing  sodium  bi- 
sulphite (5 — 50  grams  per  litre;,  to  which  an  equivalent 
amount  of  hydrochloric  acid  has  been  added ;  it  is  after- 
wards thoroughly  washed.  A  better  method,  however,  is 
that  in  which  the  wool  is  treated  with  sodium  bisulphite 
and  hydrochloric  acid  in  separate  baths,  whereby  the  sul- 
phurous acid  is  generated  within  the  fibre,  aiid,  being  in 
the  nascent  state,  acts  more  powerfully  upon  tht  colouring 
matter  of  the  wooL  Goods  which  have  to  remain  white 
are  tinted  with  some  blue  or  bluish-violet  colouring 
matter  {e.g.j  ground  indigo,  indigo-exti^act,  aniline  blue, 
jfcc),  either  before  or  after  the  bleaching  operation,  in 
order  to  counteract  the  yellow  colour  of  the  wool  which 
is  so  apt  to  return.  The  principle  hf^re  applied  is  that  of 
the  complementary  coloui-s,  which  when  mixed  in  due 
proportion  produce  white  light.  Blue  is  complementaiy 
to  yellow. 

The  bleaching  action  of  stilphur  dioxide  is  most 
probably  due  to  its  reducing  action  upon  the  natural 
yeUow  colouring  matter  of  the  wool ;  another  explanation, 
however,  is  that  it  combines  with  the  latter  to  form  a 
colourless  compound-  Certain  it  is  that  the  effect  is  by 
no  means  permanent ;  fi-equent  washing  of  bleached  wool 
in  alkaline  solutions  always  tends  to  restore  the  yellow 
apf>earance  of  the  fibre.  Either  oxidation  is  thus  in- 
duced, or  the  colourless  sulphite  is  decomposed,  and  the 
original  coloiu'ing  matter  is  precipitated  on  the  tibre. 

The  airent  par  excellence  for  liquid  bleaching  is  hydro- 
gen dioxide  (HjO,).  Even  yellow  -  coloured  wool  is 
bleached  by  it  to  a  white,  possessing  a  biilliancy  and 
parity  unattainable  by  the  ordinary  methods.  The 
woollen  material  is  steeped  for  several  hours  in  a  diluu^ 
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and  slightly  alkaline  solution  of  commercial  hydrogen 
dioxide  and  afterwards  well  washed,  first  with  water 
acidulated  with  sulphuric  acid,  and  afterwards  with 
water  on' v.  ■ 


CHAPTER     VIII. 

SILK    SCOURING    AND    BLEACHING. 

69.  Object  of  Scouring  Silk. — The  object  of  scouring 
silk  is  to  remove  from  the  raw  fibre  a  greater  or  less 
proportion  of  the  silk-glue  which  envelops  it,  and  thus 
to  render  it  lustrous  and  soft,  and  better  fitted  for  the 
operation  of  dyeing.  According  to  the  amount  of  silk- 
glue  removed,  the  product  of  the  scouring  operation  may 
be  either  hoiled-off  silk,  souple  silk,  or  ecru,  for  each  of 
which,  indeed,  a  different  treatment  is  necessary. 

70.  Boiled-off  Silk  is  the  name  given  to  silk  from 
which  practically  the  whole  of  the  silk-glue  has  been 
removed.  It  exhibits  most  fully  the  valued  properties 
of  lustre,  softness,  tfec.  Two  operations  are  necessary  for 
its  production,  namely,  "stripping"  and  "  boilirig-oft'." 

(a)  Stripping  or  Ungumming  (Fr.,  degomrriage). — The 
object  of  this  operation  is  to  soften  the  silk,  and  to  re- 
move the  great  bulk  of  the  silk-glue  and  also  the  colouring 
matter.  The  hanks  of  raw  silk  are  suspended  on  smooth 
wooden  rods,  and  worked  by  hand  in  rectangular  copper 
troughs,  in  a  solution  of  30 — 35  per  cent,  soap,  heated 
to  90^ — 95°  C.  When  the  water  is  very  calcareous,  the 
silk  is  first  rinsed  in  a  weak,  tepid  solution  of  sodium 
carbonate.  The  best  plan  is  to  correct  the  water  pre- 
viously. Rinsing  in  dilute  tepid  hydrochloric  acid  before 
ungumming  is  also  good,  since  it  removes  calcareous 
and  other  mineral  matters  from  the  silk,  and  prevents 
their  action  in  the  soap  bath.  Weighted  ecru  silks  cause 
great  inconvenience  in  the  ungumming  :  the  soap  bath  is 
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precipitated,  the  fibre  becomes  tarnished  and  sticky,  and 
the  nngumming  is  rendered  difficult  and  incomplete. 

Dui-ing  the  stripping  operation  the  silk  at  first  swells 
up  and  becomes  ghitinous,  but,  after  a  short  time,  when 
the  silk-glue  dissolves  ofi',  it  becomes  fine  and  silky.  It 
is  best,  especially  vrhen  the  silk  is  intended  for  whites 
or  delicate  coloui-s,  to  work  it  successively  in  two  or  three 
separate  baths,  for  about  twenty  to  twentv-five  minutes 
in  each,  and  to  pass  fresh  lots  of  silk  through  in  regular 
order.  When  the  first  bath  becomes  char^red  with  silk- 
glue  it  is  renewed,  and  then  employed  as  the  last  bath. 
Each  soap  bath  should  be  utilised  to  the  fullest  extent 
compatible  with  excellence  of  result  It  is  well  to  bear 
in  mind  that  too  prolonged  contact  with  boiling  soap 
solution  is  not  good,  since  a  little  of  the  colouring  matter 
of  the  glue  is  apt  to  be  attracted  by  the  fibre,  and  the  silk 
loses  substance,  strength,  and  purity  of  white.  The  waste 
soapy  and  glutinous  liquid  obtained  is  called  "boiled-ofi"" 
liquor,  and  serves  as  a  useful  addition  to  the  dye-bath 
when  dyeing  with  the  coal-tar  colours. 

After  *•  stripping,"'  the  hanks  are  rinsed  in  water,  in 
which  a  small  quantity  of  soap  and  sodium  carbonate 
h£LS  been  dissolved. 

(b)  BoiUng-of  (Fr.,  la  cuite).  —  For  the  purpose  of 
removing  the  last  portions  of  silk-glue,  «fcc.,  and  to  give 
the  silk  its  full  measure  of  softness  and  lustre,  it  is 
now  placed  in  coarse  hempen  bags,  technically  called 
"pockets,"  about  15  kilograms  in  each,  and  boiled 
from  half  an  hour  to  three  hours  (according  to  the  quality 
of  the  silk)  in  large,  open  copper  vessels,  with  a  solution 
of  10  —  15  j)er  cent,  of  soap.  The  silk  is  then  rinsed  in 
tepid  water,  rendered  slightly  alkaline  by  the  addition  of 
sodium  carbonate  in  order  to  prevent  the  precipitation 
of  lime  soap  on  the  silk.  It  is  finally  washed  well  in 
cold  water.  The  waste  soap  liquor  may  be  used  for 
"  stripping.'"'  For  some  articles,  the  silk  is  boiled  on 
wooden  rods  and  not  in  pockets. 

The   soap  employed,  both  for  '•  stripping '    and  for 


Cbap.  VIII.]  SOUPLIXG    OF    SILK.  117 

"boiling-off"  should  be  of  the  best  quality.  Other 
things  being  equal,  those  soaps  are  to  be  preferred 
which  wash  off  most  readily,  and  leave  an  agreeable 
odour.  When,  however,  the  silk  has  subsequently  to 
undergo  a  number  of  soaping  and  other  operations — 
e.g.  J  in  weighted  blacks — the  odour  of  the  soap  used 
in  boiling-otf  is  of  little  consequence.  Oleic  acid  soap 
may  be  recommended  in  such  a  case,  but  for  silk  destined 
to  be  dyed  in  light  colours  or  to  remain  white,  a  good 
olive-oil  soap  is  preferable. 

By  scouring  with  soap  in  the  above  manner,  Japanese 
and  Chinese  silks  lose  18  —  22  per  cent,  of  their  weight 
and  European  silks  25  —  30  jDcr  cent. 

Stretching  (Fr.,  etirage). — When  the  silk  is  well 
softened  during  the  stripping  process,  but  not  really  un- 
gummed,  it  may  be  conveniently  stretched  to  the  extent 
of  2  —  3  per  cent,  without  injury ;  indeed,  it  acquires 
increased  lustre  by  stretching.  The  operation  may  be  per- 
formed either  by  the  lustreing  or  the  stringing  machine. 

Stoving. — When  the  silk  is  intended  to  remain  white, 
or  is  to  be  dyed  pale  colours,  it  is  bleached  by  exposing 
it  in  a  moist  condition  to  the  action  of  sulphurous  acid 
in  closed  chambers.  The  operation,  which  lasts  about 
six  hours,  may  be  repeated  two  to  eight  times,  according 
to  the  nature  of  the  silk.  Ten  kilograms  of  silk  will 
require  about  half  a  kilogram  of  sulphur.  After  stoving, 
the  silk  is  well  washed  till  free  from  sulphurous  acid. 
For  reference  to  the  bleachinor  with  a  mixture  of  nitric 
and  hydrochloric  acids,  see  next  page. 

71.  Souple  Silk  is  silk  which  has  been  submitted  to 
certain  operations,  to  render  it  suitable  for  dyeing,  &c., 
without  causing  it  to  lose  more  than  4  —  8  per  cent, 
of  its  weight.  The  object  of  soupling  is,  indeed,  to 
give  to  raw-silk,  if  possible,  all  the  properties  of  boiled-off 
silk,  with  the  least  loss  of  weight ;  considerable  perfection 
has  already  been  attained  in  this  direction.  Souple  silk 
is  not  so  strong  as  boiled-off  silk,  and  is  used  for  only  tram. 

The  process   of  soupling  consists   essentially   of  two 


118  DYEING    OF    TEXTILE    FABRICS.  [Chap.  Vin. 

operations,  first,  the  softening  ;  and  second,  the  soi'.pling 
proper.  With  yellow  silk,  and  whatever  is  intended  to  be 
dyed  light  colours,  the  operations  of  hhachiny  and  stoving 
intervene. 

(a)  Softening. — The  raw  silk  is  worked  for  one  to 
two  hours  in  a  solution  of  10  per  cent,  soap,  heated  to 
25*^  —  35°  C.  The  object  of  this  operation  is  to  soften 
the  fibre,  and  remove  the  small  quantity  of  fatty  matter 
present,  so  as  to  facilitate  the  operations  which  follow. 

{b)  Bleaching. — The  silk  is  worked  in  stone  troughs 
for  eight  to  fifteen  minutes  in  a  dilute  solution  of  aqua- 
regia'^"  Tw.  (Sp.  Gr.  1-02),  heated  to  20°  —  35°  C. 
It  is  afterwards  washed  well  till  free  from  acid. 

The  aqua-regia  is  prepared  by  mixing  together  five 
parts,  by  weight,  of  hydrochloric  acid,  32°  Tw.  (Sp.  Gr. 
1T6),  wdth  one  part  of  nitric  acid,  62" Tw.  (Sp.  Gr.  1'31), 
and  allowino:  the  mixture  to  stand  for  four  or  five  davs  at 
a  temperature  of  about  25°  —  30°  C  Before  use  it  is 
diluted  with  fifteen  volumes  of  water.  For  the  aqua- 
regia  may  be  substituted  sulphuric  acid  saturated  with 
nitrous  fumes,  or  a  solution  of  the  so-called  "  chamber- 
crystals  "  obtained  in  the  manufacture  of  sulphuric  acid. 

The  silk  must  not  be  worked  too  long  in  the  acid 
liquid,  otherwise  the  nitric  acid  causes  it  to  contract  a 
yellowish  tint  which  cannot  be  removed.  The  moment 
the  silk  has  acquired  a  greenish -gi'ey  colour  it  should  be 
withdraAvn  from  the  bath,  and  well  washed  with  cold 
water. 

(c)  Storing.  —  This  operation  is  similar  to  that 
already  described  {see  previous  page).  It  renders  the  silk 
hard  and  brittle.  Without  removing  the  sulphurous 
acid,  however,  it  is  at  once  submitted  to  the  following 
operation- 

{d)  Sowpling  (Fr.,  asson.plissage). — Tlie  silk  is  -worked 
for  about  an  hour  and  a  half,  at  90° — 100°  C,  in  water, 
containing  in  solution  3  —  4  grams  cream  of  tartar 
per  litre.  The  silk  becomes  softer  and  swells  up,  and 
being  thus  rendered  more  absorbent,  it  is  better  adapted 
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for  dyeing.  Tlie  operation  of  soiiplinc^  is  a  somewhat  deli- 
cate  one,  and  needs  considerable  judgment  and  practice. 
The  solution  must  not  be  too  hot,  nor  must  the  immer- 
sion of  the  silk  be  too  prolonged,  otherwise  the  loss  in 
weight  is  excessive,  and  the  result  is  unsatisfactory. 
After  soupling,  the  silk  is  finally  worked  in  a  bath  of 
tepid  water.  Souple-silk  will  bear  warm  acid  baths  sub- 
sequently, but  not  alkaline  or  soap  baths  beyond  a  tem- 
perature of  50" — 60°  C,  otherwise  it  loses  silk-glue,  and  is 
more  or  less  spoiled.  The  operation  of  soupling  is  some- 
times performed  on  raw-silk  which  has  been  previously 
submitted  to  other  operations,  as,  for  example,  in  the 
dyeing  of  so-called  black  souples. 

A  satisfactory  explanation  of  the  theory  of  soupling 
has  not  yet  been  given.  The  cream  of  tartar  probably 
acts  as  an  acid  salt  merely,  and  although  it  gives  the  best 
results,  it  can  be  replaced  by  a  solution  of  sodium  or 
magnesium  sulphate  acidified  with  sulphuric  acid,  or 
even  by  very  dilute  hydrochloric  acid.  It  is  curious  that 
silk  is  rendered  less  tenacious  by  soupling  than  by 
boiling-ofi'. 

72.  Ecru  Silk  is  raw-silk  which  at  most  is  sub- 
mitted to  washing,  with  or  without  soap,  and  bleaching. 
The  loss  of  weight  varies  from  1  to  6  per  cent.  Un- 
bleached ecru  silk  is  only  dyed  in  one  or  two  different 
shades  of  black. 

73.  Bleaching  of  Tussur  Silk. — This  may  be  accom- 
plished according  to  the  method  proposed  by  M.  Tessie 
du  Motay,  in  which  barium  binoxide  is  the  agent  em- 
ployed. Free  baryta  hydrate  is  first  removed  from  the 
binoxide  by  washing  the  latter  with  cold  water,  and  a 
bath  is  then  prepared,  containing  binoxide  in  the  propor- 
tion of  50  —  100  per  cent,  of  the  weight  of  silk  to  be 
bleached. 

The  silk  is  washed  for  about  an  hour  in  the  bath 
heated  to  80°  C,  then  washed  and  passed  into  dilute 
hydrochloric  acid,  and  washed  again.  If  the  white  is 
not  good,  the  operations   are  repeated,  or  one  may  also 


120  DYEING    OF    TEXTILE    FABRICS.  [Cliap.  VIII. 

complete  the  bleaching  by  washing  the  silk  in  a  solution 
of  potassium  permanganate  and  magnesium  sulphate,  and 
afterwards  in  a  solution  of  sodium  bisulphite,  to  which 
hydrochloric  acid  has  been  added. 

Although  barium  binoxide  is  little  soluble  in  water, 
at  the  temperature  of  the  bleaching  bath  it  gives  up 
oxygen  to  the  fibre  by  degrees,  even  without  the  addition 
of  any  acid,  so  that  the  bleaching  takes  place  gradually. 
During  the  immersion  the  silk  also  absorbs  a  certain 
amount  of  the  binox:^,de,  probably  as  hydrate,  so  that  on 
the  subsequent  passage  into  acid  there  is  liberated  with- 
in the  fibre  hydrogen  dioxide,  which,  being  in  the  nascent 
state,  bleaches  to  the  best  effect. 

The  chief  difficulty  of  the  process  consists  in  the  fact 
that,  by  long  contav3t  with  the  barium  binoxide  the  silk 
becomes  dull,  harsh,  and  tender,  but  with  care  the 
process  can  be  made  to  yield  excellent  results,  and  it  is, 
indeed,  already  adopted  in  practice.  Hypochlorite  of 
ammonia  has  been  employed,  but  with  less  success.  The 
very  best  bleaching  agent  for  Tussur  and  also  Mulberry 
silk  is  hydrogen  dioxide.  It  is  applied  in  the  same 
manner  as  indicated  on  p.  114  for  wool. 

Tussur  silk  is  bleached  for  the  purpose  of  dyeing  it  in 
light  colours. 
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WATEE   IN    ITS  APPLICATION    TO 
DYEING, 


CHAPTEPv     IX. 

WATER. 

74.  Soft  and  Hard  Water. — Water  occurs  as  natural 
vmter  in  the  form  of  invisible  vapour  permeating  the  air. 
When  the  temperature  becomes  sufficiently  low,  it  con- 
denses and  becomes  visible  as  dew,  fog,  or  cloud,  or  is 
precipitated  in  the  form  of  rain.  The  original  source  of 
natural  water  is  the  ocean.  This  is  in  a  state  of 
constant  evaporation,  and  the  vapour  produced  just  as 
constantly  undergoes  the  condensation  alluded  to.  In- 
deed, a  gigantic  process  of  natural  distillation  is  here 
presented,  and,  as  one  would  anticipate,  rain-water  is  the 
purest  form  of  natural  water. 

A  portion  of  the  rain-water  sinks  into  the  earth  until 
it  reaches  some  impervious  layer,  from  which  it  may  be 
pumped  up  as  ivell-ivater,  or  it  flows  underground,  and 
eventually  reappears  on  the  surface  as  a  spring,  which 
frequently  forms  the  source  of  a  brook,  or  river. 

Another  portion  of  the  rain-water  never  penetrates 
the  soil,  but  simply  drains  off  the  land,  and  forms  the  so- 
called  surface-ioater,  which  also  goes  to  form  rivers. 

The  solvent  power  of  water  is  so  considerable  that 
})oth  spring  and  river  water  always  contain  certain 
mineral    and    vegetable   matters,    the    nature    of    which 
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varies  according  to  the  chai-acter  of  the  rock  or  soil 
through  or  over  which  it  has  passed. 

If  the  geological  strata  are  composed  of  snch  hard 
insoluble  rocks  as  granite  and  gneiss,  the  water  remains 
comparatively  free  from  impurities,  and  whether  it  flow 
as  a  river  or  rise  as  a  spring,  it  "v^ill  be  what  is  termed  a 
"  soft  "  water. 

If,  on  the  contrary,  the  water  during  its  subten-anean 
course  meets  with  rocks  containing  such  a  soluble  con- 
stituent as  rock-salt,  it  becomes  brine  ;  if  it  encounters 
a  stratum  of  lime-stone,  oolite,  chalk,  new  red  sandstone, 
(tc,  it  dissolves  a  certain  portion  of  it,  and  becomes 
magnesian  or  calcareous,  and  constitutes  on  its  reappear- 
ance what  is  called  a  "  hard  "  water.  Common  lime- 
stone being  generally  of  a  less  permeable  nature  than 
magnesian  limestone,  does  not  yield  such  hard  water  as 
the  latter.  Again,  if  the  water  passes  through  or  over 
rocks  containing  iron  in  some  form  or  other,  it  takes  up 
some  of  the  ii'on  and  becomes  a  so-called  '*  chalybeate  " 
water.  When  the  rain-water  dizains  from  boggy  moorland, 
a  certain  portion  of  the  more  or  less  decomposing  vege- 
table matter  dissolves,  and  the  water  is  usually  brown- 
coloured. 

The  natural  impurities  of  water  which  concern  the 
dyer  may  be  either  suspended  or  dissolved,  and  of  these 
the  latter  are  the  most  im})ort,ant.  A  constant  supply  of 
clear  water  is  certainly  an  indispensable  requisite,  but 
the  means  of  purifying  muddy  water  are  comparatively 
simple,  and  the  chemical  nature  of  the  susj)ended  matter 
generally  possesses  little  or  no  interest.  The  dissolved 
constituents  of  water,  however,  are  equally,  or  even  more, 
injurious,  and  to  effect  their  removal  is  much  more  diffi- 
cult, involving  as  it  does  the  employment  of  chemical 
means  of  purification.  As  a  general  rule,  river  water 
contains  the  largest  amount  of  suspended  and  vegetable 
matter,  and  the  least  amount  of  dissolved  constituents, 
whereas  spring  and  well  water  bear  the  opposite  cha- 
racter. 
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75.  Calcareous  and  Magnesian  Impurities. — These 
are  at  once  the  most  frequently  occurring,  and  the  most 
injurious  of  all  impurities.  Thej  are  usually  present  as 
bicarbonates,  less  commonly  as  chlorides  and  sulphates. 
The  latter  are  generally  less  injurious  than  the  former. 

The  presence  of  lime  is  shown,  if  the  addition  of  a 
solution  of  ammonium  oxalate  to  the  water  in  question 
gives  a  white  precipitate  of  calcium  oxalate.  On  evapo- 
rating such  a  water  to  a  small  bulk  it  becomes  turbid. 
If,  then,  the  addition  of  hydrochloric  acid  produces 
effervescence,  and  renders  the  solution  again  perfectly 
clear,  it  is  an  indication  that  all  the  lime  is  present  as 
bicarbonate.  If  there  is  no  effervescence  and  no  clearing, 
it  is  probably  all  present  as  sulphate.  Etiervescence  and 
partial  clearing  denote  the  presence  of  both  sulphate  and 
carbonate.  Should  there  be  no  turbidity  on  evaporation, 
lime  is  either  absent  altogether,  or  it  is  probably  present 
as  chloride  or  nitrate. 

The  presence  of  magnesia  is  detected,  after  lime  and 
alumina  have  been  removed  by  means  of  ammonia  and 
ammonium  oxalate.  The  filtered  liquid  is  concentrated 
by  evaporation,  and  mixed  with  a  solution  of  phosphate 
of  soda  and  ammonia  j  magnesia  is  present  if  a  white 
crystalline  precipitate  is  thereby  produced.  The  separa- 
tion, however,  of  lime  and  magnesia  has  little  or  no 
importance  for  the  dyer. 

The  presence  of  bicarbonates  is  further  detected  by 
the  addition  of  a  clear  solution  of  lime-water  producing 
a  white  precipitate. 

Sulphates  are  present  if  an  addition  of  hydrochloric 
acid  and  barium  chloride  gives  a  white  precipitate. 

A  white  curdy  precipitate,  which  is  produced  on  add- 
ing nitric  acid  and  silver  nitrate,  denotes  the  presence 
of  chlorides. 

The  injurious  influence  of  magnesian  and  calcareous 
water  cannot  be  overrated,  and  very  specially  because 
of  its  property  of  precipitating  soap  solutions.  Hard 
water  only  produces  a  froth  or  lather  with  soap  after 
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the  whole  of  the  calcium  and  magnesium  compounds 
present  have  been  precipitated  as  insoluble  lime  and 
magnesia  soaps,  the  latter  of  which  may  be  distinguished 
from  the  former  by  their  more  objectionable  curdy 
character. 

By  employing  a  soap  solution  of  a  standard  strength, 
it  is  possible  to  calculate  approximately  the  amount  of 
calcium  and  magnesium  compounds  present.  Details  of 
this  method  of  determining  the  hardness  of  water  (Clark's) 
are  given  in  most  text-books  of  chemical  analysis. 

It  is  well  to  note  that,  according  to  Clark's  scale,  a 
water  with  one  degree  of  hardness  contains  one  srrain 
calcium  carbonate  per  gallon,  but  after  the  newer 
scale  of  Frankland,  one  degree  of  hardness  signifies 
that  the  water  contains  one  gram  of  CaCOg  in  100,000 
grams  water.  To  reduce  the  degrees  of  the  latter  to 
those  of  Clark's  scale  it  is  simply  necessary  to  multiply 
by  seven-tenths. 

In  all  those  operations  where  large  quantities  of  soap 
are  employed,  it  is  evident  that  the  use  of  a  hard  water 
entails  a  considerable  loss  of  soap.  One  kilogram  of 
CaO  decomposes  about  15 '5  kilograms  of  ordinary  soap 
containing  30  per  cent,  of  moisture.  After  making  a 
soap -analysis  of  the  water,  and  knowing  the  quantity 
of  the  water  employed,  it  is  easy  to  calculate  the 
annual  loss  of  soap  (about  one-sixth)  occasioned  by  the 
hardness  of  the  water.  Taking  the  monthly  consumption 
of  soap  in  London  as  1,000,000  kilos.,  it  is  estimated  that 
the  hardness  of  the  Thames  water  causes  an  expenditure 
of  230,000  kilos,  more  soaj)  per  month  than  would  be 
lequired  if  soft  water  were  used. 

This  is,  however,  by  no  means  the  only  disadvan- 
tage. The  precipitated  earthy  soaps  are  more  or  less 
of  a  sticky  nature,  and  adhere  so  tenaciously  to  the  fibre 
that  they  cannot  be  removed  by  ordinary  technical 
processes.  In  the  scouring  of  wool,  or  of  silk,  they 
render  the  fibre  more  or  less  impermeable,  so  that  neither 
mordant  nor  colouring  matter  can  be  afterwards  properly 
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fixed   thereupon,   and  irregute  development  of  colour 

"■'"'when  the  soap  solutions  are  applied  oAardyeing- 

ii The  clearin-  of  Turkey-red,  milling  of  woollen 

fe^kc^:,  "he>ipitate<i  earthy^soaps  may  nnpart 

of  the  colour  and  the  value  of  the  fabric  , 

Tn   some  cases  earthy  soaps  may  act  injuiiously  oy 

'™  Hard  '™ter1s^also  injurious  in  the  dye-bath,  be- 
caus?  if  only  imperfectly  extracts  the  colouring  matter 
rr  the  dyJwooL  employed.  ^^^^^itZl^'i^'I^ZZ 
^^^^k^:t:^c^tp.  the  alkaUne 
t^:!  S  may   thus    be   precipitated    and    rendered 

'"ii™;ust  not  be  forgotten,  however,  that  *e  presence 
of  a  certain  limited  amount  of  lime  is  beneficial  nay, 
even  necessary  in  dyeing  with  some  colouring  matters- 
Z  A\SZ  IoJooA:  Weld,  &c.-but  in  such  cases 
etn  It  ts  always"  pref;rable  to  have  a  pure  water  so 
that 'one  may  add  the  most  suitable  form  and  amount 

"'  'hLT' water  has  generally  the  effect  of  dulling  the 
colours   obtained  from  many    colourmg    matters,    both 
during  the  d^^ng  and  the  subsequent  washing  processes 
men  the  hardness  is  due  to  the  presence  of  earjhy 
bicarbonates,   it  retards   or   even   prevents   th«   dyem 
of  such  colours  as  are  produced  only  m  an  acid  bath, 

CO.,  cochineal  scarlet.  i..(.;„„o  r.f  cer- 

^  Such  water  acts  injuriously  also  on  solutions  ot  eel 

tain  mordants-like  those  of  aluminium,  iron,   &c.-by 
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neutralising  a  portion  of  theii'  acid  and  precipitating  basic 
salts,  thus  rendering  the  mordanting  bath  less  effective. 

In  some  cases  of  mordanting,  however,  water  contain- 
ing earthy  bicarbonates  is  to  be  preferred  to  pure  water, 
since  it  fixes  a  much  larger  quantity  of  insoluble  basic 
salt  on  the  fibre,  as,  for  example,  in  the  washing  of  silk 
after  mordanting  with  basic  ferric  sulphate,  and  with 
aluminium  or  tin  mordants. 

Water  rich  in  earthy  bicarbonates  is  not  suitable 
for  the  solution  of  many  of  the  coal-tar  colours,  such  as 
Methyl  Violet,  tkc.  A  portion  of  the  colour-base  is 
precipitated  as  a  tarry  mass,  and  not  only  is  colouring; 
matter  wasted,  but  goods  dyed  in  such  solutions  are  apt 
to  be  spotted. 

76.  Ferruginous  Impurities. — These  are  also  very 
objectionable  in  dyeing  operations.  They  are  to  be 
looked  for  in  water  which  is  derived  from  disused  coal- 
pits, iron-mines,  iron  and  aluminous  shales,  <tc.  Surface 
water  draining  off  moorland  districts  and  passing  over 
ochre-beds  also  contains  iron,  evidence  of  which  is  seen  in 
the  brown  feri'ic  oxide  deposited  on  the  stones  in  the 
stream.     All  such  water  should  be  rigorously  avoided. 

To  test  for  the  presence  of  iron,  evaporate  some  of 
the  water  in  a  clean  porcelain  basin.  If  a  reddish 
brown  deposit  is  thereby  produced,  this  must  be 
collected,  dissolved  in  a  little  hydrochloric  acid,  and 
thoroughly  oxidised  by  heating,  with  the  addition  of  a 
little  }X)tassium  chlorate.  The  solution  is  diluted  and 
cooled,  and  a  solution  of  potassium  ferrocyanide,  or 
thiocyanate,  is  added.  If  iron  is  present,  a  blue  precipi- 
tate or  red  coloration,  respectively,  is  thereby  produced. 

The  iron  being  usually  present  as  bicarbonate,  acts 
upon  soap  solutions  after  the  manner  of  the  analogous 
calcium  and  magnesium  compounds,  and  similar  or  even 
worse  results  ensua 

In  wool- scouring,  cotton-bleaching,  and  other  opera- 
tions where  alkaline  carbonates  are  used,  ferric  oxide  is 
precipitated  upon  the  fibre.     With  such  goods  it  would 
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be  quite  impossible  to  dye  bright  colours  subsequently 
— e.g.,  alizarin  reds,  &c. — and  all  colours,  indeed,  suffer 
more  or  less.  Bleached  fabrics  acquii'e  an  unpleasant 
yellowish  tinge,  and  are  rendered  quite  unsaleable. 

77.  Alkaline  Carbonates  as  Impurities. — Water 
containing  sodium  carbonate  is  frequently  met  with  in 
districts  where  the  supply  is  derived  from  wells  which 
penetrate  the  lower  beds  of  the  Coal  Measures.  This 
alkaline  condition  is  detected  by  means  of  red  litmus- 
paper. 

Such  water  is  by  no  means  detrimental  in  wool 
scouring,  or  in  operations  where  alkaline  carbonates  are 
nominal  constituents  of  the  bath,  if  other  injurious  con- 
stituents are  absent;  but  for  purposes  of  mordanting, 
dyeing,  and  washing  of  dyed  goods,  it  is,  if  possible,  more 
injurious  than  the  water  containing  earthy  carbonates. 
When  no  other  water  is  to  be  had,  it  must  for  such 
operations  be  carefully  neutralised  with  sulphuric  or 
acetic  acid. 

^  78.  Acid  Salts  and  Free  Acids  as  Impurities.— 
Water  draining  from  moorland  districts  contains  what  are 
usually  termed  peaty  acids,  and  since  these  attack  iron 
very  readily,  they  may  indirectly  cause  serious  injury. 

Water  derived  from  shale  beds  containing  pyrites  and 
situated  near  the  surface,  becomes  contaminated  with 
ferrous  sulphate.  On  exposure  to  air  this  salt  oxidises, 
ferric  oxide  is  deposited,  and  the  water  contains  fi'ee 
sulphuric  acid.  Blue  litmus-paper  serves  to  detect  the 
presence  of  this  impurity. 

Such  w^ater  is  unsuitable  for  scouring  operations,  since 
it  decomposes  and  wastes  the  detergents  used.  If  soap  is 
employed,  fatty  acid  is  liberated  and  liable  to  be  fixed 
upon  the  iibre.  In  dyeing  operations  acid  water  is 
equally  injurious.  If  such  water  cannot  be  avoided,  it 
must  be  carefully  neutralised  w-ith  carbonate  of  soda. 

79.  Organic  Impurities. — These  as  they  exist  in 
moorland  streams  have  not  been  found  in  practice  to  be 
injurious,  unless  the  water  is  thereby  so  deeply  coloured 
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as  to  stain  the  woollen  or  other  fibre,  which  is  to  be  dyed 
light  shades  only,  or  is  intended  to  remain  in  the 
bleached  condition.  In  the  absence  of  inorganic  reducing 
bodies  the  presence  of  organic  matter  is  determined  by 
adding  a  solution  of  permanganate  of  potash  sufficient  to 
impart  a  pink  colour,  acidifying  with  sulphuric  acid,  and 
then  boiling.  If  organic  matter  is  present  the  solution  is 
decolorised. 

80.  Sulphuretted  Hydrogen  as  an  Impurity. — This 
is  only  occasionally  met  with,  and  arises  through  the  de- 
composition of  gypsum  by  organic  matter.  Such  water 
is  to  be  rejected,  since,  when  ii'on,  tin,  copper,  and  lead 
mordants  are  used,  sulphides  of  these  metals  are  formed, 
and  cause  black  or  brown  stains. 

This  impurity  is  detected  by  slightly  acidifying  the 
water  with  acetic  acid  and  placing  it  in  closed  flasks  in  a 
warm  place  for  some  time.  A  strip  of  filter  paper  mois- 
tened with  lead  acetate  is  fixed  above  the  surface  of  the 
liquid.  The  formation  of  brown  lead  sulphide  on  the 
filter  paper  denotes  the  presence  of  sulphuretted  hydrogen. 

Specially  injurious  are  the  impurities  which  may 
come  from  establishments  situated  higher  up  the  stream, 
e.g.,  paper-works,  chemical- works,  bleach-works,  &c. 
Hence  the  dyer,  whose  only  source  of  supply  is  a  river 
running  through  a  manufacturing  district,  must  be 
specially  vigilant,  for  although  the  pollution  of  rivers  by 
waste  products,  kc,  from  various  manufactories  may  be 
forbidden,  the  compKance  yrith  this  restriction  is  beset 
in  many  instances  with  enormous  difficulties  which, 
indeed,  can  only  be  partially  overcome. 

81.  Correction  and  Purification  of  Water. — Pure 
water  is  certainly  one  of  the  first  requisites  for  all 
operations  of  bleaching  and  dyeing.  Unfortunately  it  is 
at  the  disposal  of  few  manufacturers,  and  the  in- 
creasing injury  thus  caused  has  not  always  met 
with  the  attention  it  deserves.  Directors  of  bleach 
and  dye  works  will  find  this  subject  as  difficult  as 
it    is    interesting     and     important.        Although     it     is 
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comparatively  easy  to  purify,  or  at  least  to  correct,  small 
quantities  of  water,  the  technical  problem  of  readily 
purifying  such  large  supplies  of  water  as  are  necessary 
for  dyeing,  &c. ,  is  surrounded  with  difficulties.  The  purifi- 
cation of  water  usually  comprises  both  a  mechanical  and  a 
chemical  treatment. 

82.  Mechanical  Purification. — Whenever  the  land 
is  suitable,  the  water  is  collected  and  allowed  to  settle  in 
large  reservoirs,  even  if  only  for  the  purpose  of  storage. 
When  possible,  several  reservoirs  are  maintained,  and  it 
is  well  to  pass  the  water  from  one  to  the  other  in  such  a 
manner  as  to  expose  it  as  much  as  possible  to  the  air — 
for  instance,  by  a  staircase  cascade.  Finally  the  water 
should  be  passed  through  filter-beds  of  sand.  During 
the  exposure  to  air,  in  this  manner,  a  partial  chemical 
purification  will  take  place  in  water  containing  calcium, 
magnesium,  or  iron  bi-carbonates ;  a  portion  of  the  sol- 
vent carbonic  acid  is  lost  and  the  carbonates  are  pre- 
cipitated. 

The  most  favourable  cii'cumstance  is  that  in  which 
the  works  are  placed  upon  the  bank  of  a  river  fiowing 
from  a  lake  situated  immediately  above,  so  that  neither 
heavy  rains  nor  melting  snow  will  render  the  water 
turbid. 

83.  Purification  by  Boiling. — Reference  has  already 
been  made  to  the  convenient  classification  of  "  soft "  and 
"hard"  waters.  The  latter  may  be  sub-divided  into 
those  which  are  temporarily  hard,  and  those  which  are 
permanently  hardy  although  most  waters  combine  both 
properties. 

A  water  possessing  temporary  hardness  becomes  soft 
by  mere  boiling,  if  this  is  sufficiently  prolonged,  since 
such  hardness  is  due  to  magnesium,  calcium,  or  iron 
bi-carbonates.  The  efiect  of  boiling  is  to  expel  one-half 
of  the  carbonic  acid,  and  thus  to  precipitate  the  insoluble 
mono-carbonates  produced.  Since  the  softening  efiect 
takes  place  only  gradually,  the  boiling  should  be  con- 
tinued for  20—30  minutes  at  least.  It  is  scarcely 
J 
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necessary  to  add  that  this  method  of  purification  is  far 
too  costly  to  serve  for  large  quantities  of  ^ater. 

A  vrsiier  which  is  permanently  hard  derives  this 
property  from  the  presence  of  sulphates  of  the  above- 
mentioned  metals  ;  hence,  in  this  case,  boiling  has  no 
softening  influence ;  on  the  conti-ary,  the  hardness  is 
increased  through  the  concentration  of  the  water,  and 
other  modes  of  purification  must  be  adopted. 

84.  Chemical  Purification. — As  to  the  purification 
or  correction  of  water  by  chemical  means,  one  element  of 
difficulty  is  the  inconstancy  of  the  composition  of  the 
water.  Heavy  rain  and  melting  snow  dilute  it,  while 
hot  summer  weather  concentrates  it,  especially  in  small 
rivers.  "Whenever  it  is  impossible  to  keep  pace  with  varying 
conditions  of  this  kind  by  making  frequent  analyses  of 
the  water,  it  is  advisable,  in  the  absence  of  purification  or 
correction  on  a  large  scale,  to  add  to  the  water  such  agents 
as  are  not  specially  injurious,  even  if  added  in  slight 
excess.  In  many  cases  it  suffices  to  neutralise  as  care- 
fully as  possible  the  alkalinity  of  a  water  arising  from 
the  presence  of  earthy  bi-carbonates,  by  the  addition  of 
acetic  acid,  e.g.,  in  most  cases  of  dyeing,  or  for  the  pur- 
pose of  dissolving  coal-tar  colours.  An  old  method  of 
purifying  small  quantities  of  water  which  is  still  often 
used  by  silk  and  woollen  scourers,  (fee,  is  to  boil  the 
water  with  the  addition  of  a  little  soap,  with  or  with- 
out the  addition  of  sodium  carbonate,  and  to  skim  ofif  the 
earthy  soaps  thrown  to  the  surface.  Apart  from  its 
ex];>ense,  this  method  is  unsatisfactory,  since  the  major 
portion  of  the  earthy  soaps,  «i:c.,  remains  disseminated  in 
the  water  in  a  finely-divided  state.  Water  corrected  in 
this  manner  is  necessarily  left  in  an  alkaline  condition  from 
the  alkali  of  the  soap  remaining  behind,  and  of  course  the 
amount  of  alkaline  carbonate  left  is  equivalent  to  that 
of  the  earthy  salts  removed,  thus 

CaH^CCOs),     4-    2CisH330psa      =:     Ca'CisH^jOoyj   -H 
Caldnju  la-carbonate.  Soap.  Ume-soap. 

Xa^COa  -L    COg  4-  H.O. 
Sodhun  <arbonate.  Water. 
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The  dyer's  method  of  adding  alum  to  the  water  of  the 

mordantino:  or  dve-bath,  and  then  boilinoj  and  skimminoc 
off  impurities  which  rise  to  the  surface,  is  even  more 
uncertain,  and  is  strongly  to  be  deprecated. 

85.  Purification  with  Lime.  Clark's  Process. — Since 
calcium  and  magnesium  carbonates  are  soluble  in  water 
only  by  the  presence  of  carbonic  acid,  the  natural  re- 
medy is  to  employ  some  means  which  will  rapidly  and 
effectively  remove  or  absorb  the  latter.  In  1841,  Dr. 
Clark  proposed  calcium  hydrate  or  slaked  lime  as  the 
cheapest  and  most  suitable  agent  for  this  purpose,  and 
his  method  or  some  moditication  of  it  is  still  generally 
adopted.  The  following  equation  explains  the  theory  of 
the  process  : — 

CaHo( 003)2    +    Ca(0H)2    =    2CaC03    -f    2H,0. 

Calcimn  Culcium  Calcium 

"bi-caxbonate.  hydrate.  carbonate. 

In  carrying  out  the  method  here  expressed,  many 
practical  difficulties  are  met  with,  and  constant  skilled 
oversight  is  necessary  to  insure  success. 

Only  the  temporary  hardness  is  removed,  and  not  even 
this  completely.  A  small  residuum  of  chalk  always 
remains  in  solution.  It  is  quite  possible,  however,  to 
remove  10-1  Iths  of  the  whole  temporary  hardness,  as  well 
as  iron  salts  and  much  organic  matter.  Experiments  on 
a  large  scale  have  proved  that,  by  the  lime  process,  water 
of  2.3'^  hardness  can  be  reduced  to  7'^,  of  15^  to  3'^  or  4^, 
and  so  on. 

It  is  best  to  employ  clear  lime-water  for  correction, 
since  this  possesses  a  known  constant  composition.  The 
amount  of  such  lime-water  which  it  is  necessary  to 
employ  may  be  calculated  after  making  an  analysis  of 
the  water,  or  may  be  determined  by  actual  experiment.  If 
the  number  of  degrees'  hardness  (Clark's  scale)  is  divided 
into  130  or  150,  the  number  obtained  will  approximately 
represent  as  a  rule  the  number  of  litres  of  water  which 
can  be  softened  by  the  addition  of  one  litre  of  lime-wat^er. 

Clear  lime-water  may  be  replaced  by  milk-of-lime,  if 
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the  latter  is  carefully  applied.  Excess  of  lime  in  the 
corrected  water  is  readily  detected  by  adding  a  little 
of  it  to  a  filtered  decoction  of  cochineal.  Such  excess 
changes  the  yellowish-red  colour  of  the  solution  to  a  violet. 
Other  delicate  alkali-indicators  may  also  be  adopted. 

In  working  Clark's  process  as  originally  devised,  large 

tanks  or  reservoirs  are  requisite.     It  is  best  to  have  at 

C  least  three — one  into 

which  to  run  the 
water  and  lime  and 
to  allow  the  pre- 
cipitated chalk  to 
settle  for  about  16 
hours ;  another  from 
which  clear  and  pre- 
viously corrected 
water  can  be  drawn ; 
and  a  third  as  a  re- 
serve during  cleans- 
ing operations.  Each 
reservoir  should  hold 
at  least  a  day's  sup- 

86.  Purification 
with  Caustic  Soda. 
— For  purposes  of 
scouring,  or  where  a 
slightly  alkaline  water  is  not  prejudicial,  caustic  soda 
may  be  conveniently  substituted  for  quicklime,  since  its 
solution  can  so  readily  be  made  of  a  standard  strength 
and  added  in  the  requisite  amount  to  the  water  to  be 
corrected  : — 

CaH2(C03)2  +  2  NaHO  =  CaCOg  +  NasCOg  -f  2  H^O. 

In  this  case,  of  course,  exactly  the  same  amount  of 
sodium  carbonate  remains  in  the  corrected  water  as  if 
the  purifying  agent  used  had  been  soap.  It  is  well  to 
heat  the  mixture  to  50  "^  C.  in  order  to  cause  more  rapid 
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settling  of  the  precipitate.  Mechanical  impurities,  also 
iron,  aluminium,  and  earthy  phosphates  are  completely 
thrown  down. 

Permanent  as  well  as  temporary  hardness  is  removed 
by  the  use  of  caustic  soda^  since  the  calcium  and 
magnesium  sul- 
phates present 
are  decomposed 
by  the  sodium 
carbonate  pro- 
duced in  the 
above  reaction. 

Should  the 
water  corrected 
in  this  manner 
be  required  for 
purposes  where 
alkalinity  is  to 
be  avoided,  it 
can  be  readily 
neutralised  be- 
fore use. 

87.  Porter- 
Clark  Process. 
— The  essential 
improvement 
effected  by  this 
process  is  a 
saving  of  space, 
time,  and  la- 
bour, through  the  application  of  machinery  to  the  ordi- 
nary Clark's  process. 

Figs.  40  and  41  give  plan  and  elevation  of  an  arrange- 
ment for  supplying  over  6.000  litres  of  softened  water  per 
hour,  but  there  is  practically  no  limit  to  the  amount 
which  may  be  supplied  if  the  apparatus  is  made  large 
enough. 

The  lime-water  is  prepared  in  the  small  horizontal 


Fig.  41. — Porter-Clark's  Apparatus  for  Softening 
Water  (elevation). 
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cylinder  A,  by  constantly  cliurning  iip  slaked  lime  with 
water  admitted  under  pressure  direct  from  the  reservoir 
or  main.  By  a  pipe  midway  in  the  height  of  the  churn, 
the  more  or  less  saturated  lime-water  (a  saturated  solution 
contains  about  1*4  grams  of  lime  per  litre),  and  with 
some  lime  in  suspension,  is  led  into  the  large  cylindrical 
vessel  B,  where  the  lime  and  water  are  kept  in  slight 
agitation,  to  assist  in  completing  the  saturation.  As 
the  lime-water  ascends,  the  particles  of  lime  in  susj)ension 
gradually  settle  out,  and  tolerably  clear  lime-water  passes 
out  at  the  top  into  the  cylinder  c,  where  it  is  continuously 
mixed  with  the  water  to  be  purified,  in  accurately  deter- 
mined proportions.  The  supply  of  each  is  regulated 
by  A'alves  furnished  with  dial  plate  and  index.  A  brisk 
agitation  is  maintained  in  the  mixing  cylinder  c,  in  order 
to  facilitate  the  chemical  reaction  taking  place.  When 
this  is  completed,  the  chalky  water  is  forced  through  the 
filter-press  D,  wherein  the  carbonate  of  lime  acts  as  a 
medium  of  filtration,  and  the  clear  water  thus  obtained 
is  at  once  fit  for  use. 

If  it  be  desired  to  remove  both  permanent  and  tempo- 
rary hardness  by  means  of  the  above  apparatus,  carbonate 
of  soda,  or  caustic  soda,  must  be  used  in  addition  to  the 
lime. 

88.  Gaillet  and  Huet's  Process. — The  agents  of 
purification  here  adopted  are  lime  and  caustic  soda,  and 
the  cost  does  not  exceed,  say,  one  farthing  per  1,000 
litres  of  softened  water. 

This  apparatus  differs  essentially  from  all  others  by 
the  simple  but  effective  means  adopted  for  separating  and 
removing  the  precipitated  impurities  without  in  any  way 
choking  the  purifier  or  retarding  the  delivery  of  water. 

Fig.  42  gives  a  perspective  view  of  a  complete  appa- 
ratus capable  of  purifying  about  200,000  litres  of  water 
per  day.  The  purification  takes  place  in  the  large  square 
clarifying,  or  precipitating,  tank  A,  which  forms  the 
body  of  the  apparatus,  and  which  is  shown  separately 
in  Fig.  43,  a  portion  of  the  casing  being  there  removed 
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Fig.  42.— GaiUet  and  Huet's  AppaiaLus  lor  Softening  Water. 
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Fig.  43.— Gaillet  and  Huet's  Precipitating  Tank. 


to  show  the  in- 
terior arrange- 
ment. Instead  of 
passing  down- 
wards through 
filtering  screens, 
which  woidd  soon 
become  clogged 
and  retard  the 
flow,  the  water, 
after  having  been 
mixed  with  the 
precipitating  re- 
agents, enters  at 
the  bottom  of  the 
tank,  A,  and  rises 
slowly  towards 
the  top,  following 
a  zig-zag  course 
in  the  shallow 
spaces  between  a 
number  of  V- 
shaped  d  i  a- 
phragms,  inclined 
at  an  angle  of 
45^,  and  riveted 
alternately  to  op- 
posite faces  of  the 
tank  as  also  to 
the  two  adjacent 
sides.  All  the  dia- 
phragms shelve 
at  the  same  angle 
towards  the  same 
face  of  the  tank, 
where  they  lead 
to  a  series  of  mud 
cocks,  F. 
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Above  the  clarifying  tank  are  situated  smaller  tanks, 
in  which  the  precipitating  reagents  are  dissolved.  Tank 
B  contains  the  solution  of  caustic  soda,  of  which  the 
required  quantity  is  run  off  into  one  of  the  tanks,  C,  in 
which  lime  has  been  dissolved  in  w^ater.  The  liquid  is 
allowed  the  requisite  length  of  time  to  settle,  the  other 
tank,  C,  being  meanwhile  in  use.  The  clear  soda-lime 
solution  thus  obtained  is  run  off  at  a  regulated  rate,  and 
mixes  with  the  water  to  be  purified  entering  at  d,  in  a 
special  tank  situated  above  the  clarifying  tank.  A,  and 
immediately  below  the  raised  platform.  The  turbid 
water  falls  through  the  pipe  E,  enters  the  clarifying  tank 
at  the  bottom,  and  at  once  assumes  an  upward  motion. 
As  the  section  of  the  tank,  A,  is  very  large,  and  that 
of  the  supply  pipe,  D,  very  small,  the  water  naturally 
rises  very  slowly  and  gently,  allowing  the  precipitate  to 
settle  almost  as  if  the  water  were  at  rest.  The  purpose  of 
the  V-shaped  diaphragms  will  now  be  apparent.  The  water 
has  to  pass  slowly  between  them  in  shallow  layers,  and 
as  the  solid  particles  have  but  a  few  inches  to  fall,  they 
readily  settle  upon  the  diaphragms,  which  represent,  in- 
deed, a  very  large  precipitating  area  in  a  limited  space.  As 
the  latter  are  V-shaped,  the  deposit  slides  down  into  the 
angle  towards  the  mud  cocks,  f,  through  which  it  is  dis- 
charged when  necessary.  The  water  meanwhile  becomes 
gradually  clearer  as  it  rises,  and  is  ultimately  drawn  off' 
at  the  top,  G,  perfectly  soft  and  limpid. 

The  process  of  puriJ&cation  is  carried  on  automatically 
without  the  necessity  of  constant  attendance  or  motive 
power.  It  need  scarcely  be  added  that  the  amount  of  soda- 
lime  solution  to  be  mixed  with  the  water  is  determined 
according  to  the  results  of  a  careful  analysis,  previously 
made,  of  the  water. 

Other  modifications  of  Clark's  process  are  in  vogue, 
differing  chiefly  by  the  mode  of  effecting  the  clarification 
of  the  water  after  mixing  with  the  precipitating  reagents, 
but  the  two  processes  described  may  be  considered  typical 
of  the  rest. 
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89.  Purification  of  Water  discharged  from  Dye- 
houses. — If  it  is  necessary  that  the  dyer  should  have 
pure  water  for  the  successful  prosecution  of  his  business, 
he  ought  to  feel  it  his  duty  not  to  pollute  the  river,  from 
which  he  possibly  receives  his  supply,  with  injurious 
discharges,  to  the  annoyance  and  loss  of  his  less-favoured 
neighbour  lower  down  the  sti'eam. 

!Not  only  are  the  waste  liquids  from  dye-works  for 
the  most  pai-t  highly  coloured,  but  they  contain  large 
quantities  (over  1  -5  grams  per  litre)  of  organic  and  in- 
organic matter,  both  suspended  and  dissolved.  Should 
the  dye-works  situated  on  the  banks  of  a  small  stream  be 
numerous,  the  latter  generally  assumes  a  turbid,  inky 
appearance ;  its  bed  is  gradually  impregnated  with  decom- 
jKDsing  organic  matter,  putrescent  odours  are  given  off, 
the  water  is  poisoned,  and  the  stream  becomes  practically 
a  large  open  drain,  disagreeable  to  the  sight  and  more  or 
less  noxious  to  health. 

One  of  the  simplest  modes  of  mitigating  this  evil  is 
to  conduct  all  the  refuse  waters  resulting  from  the 
various  operations  of  the  works  into  two  or  more  re- 
servoirs, where  they  mix  together  and  precipitate  each 
other.  The  whole  must  be  allowed  ample  time  to  settle, 
and  only  the  clear  water  permitted  to  flow  into  the  river. 
Where  space  is  limited,  filtering  beds  of  coke,  sand,  <tc, 
may  take  the  place  of  settling  reservoirs.  The  purinca- 
tion  is  rendered  more  complete,  however,  if  additional 
precipitating  agents  are  employed,  e.g.,  magnesium  and 
calcium  chloride,  lime,  (to.  Of  these,  lime  is  perhaps 
the  cheapest  and  the  most  generally  efficacious  ]  it  neu- 
ti-alises  acids,  precipitates  colouring  matters,  mordants, 
soapy  liquids,  albuminous  matter,  kc. 

That  such  simple  means  can  accomplish  the  end  in 
view  in  a  most  satisfactory  manner  is  exhibited  in  the 
large  works  of  Mr.  TT.  Spindler,  at  Copenick,  near 
Berlin,  in  which  are  carried  on  all  branches  of  dyeing, 
printing,  and  finishing,  of  silk,  woollen,  and  cotton  goods. 

In  this  establishment,  according  to  Caspari,  all  the 
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refuse  water  flows  into  two  large  collecting  reservoirs, 
^vllere  the  suspended  matter  is  allowed  to  settle      ibe 
supernatant  water  is  shown  by  analysis  to  be  strongly 
impregnated  with  salts  of  the  alkalies  and  iron,  together 
with  tLnnin  and  extractive  matter  from  dyewoods   fatty 
matter,   colouring  matter,  &c.     After  being  transfen-ed 
to  another  reservoir,   therefore,  it   is  mixed  with  lime- 
water  and  a  solution  of  calcium  chloride  ;  precipitation 
ensues,  and  the  whole  turbid  mixture  is  pumped  into 
stil]  lar-er  reservoirs,  where  it  is  allowed  to  settle,      ihe 
clear  water  now  obtained  is  found  to  be   simply  a  hard 
water  containing  a  small  amount  of   orgamc  matter,  and 
is  either  used   for  purposes  of  irrigation  or  allowed   to 
drain  through  the  soil  into  the  river.  ,      ^    ^       i 

The  solid  matter  which  has  .settled  in  the  first  col^ 
lectin-  reservoirs  is  dried  and  calcined  in  gas  retorts  ana 
yields'per  100  kilograms,  13-16  cubic  metres  of  illumi- 
nating gas.  .  ^  '  ^     n     ^^    ^^    ^ 
In  bleach-works  the  refuse  liquids  consist  of  alkaline 
and    soapv    solutions,    together    with    such    as    contain 
calcium   chloride,  traces  of   bleaching-powder,   and  free 
acids      Here  are  all  the  elements  necessary  to  mutua 
purification,  if  allowed  to  mix  together  in  due  order  and 
proportion  ;    the    calcium    chloride  will   precipitate   the 
soapy  solutions,  while  the  free  acids  wHl  neutralise  and 
precipitate  the  alkaline  liquids  and  decompose  the  waste 
solutions  of  bleaching-powder.                     ,     ,     r         •« 

It  is  impossible  that  any  single  method  of  puritica- 
tion  should  be  applicable  to  all  works,  but  the  following 
description  of  a  satisfactory  process,  devised  by  Messrs 
E  and  A.  Sanderson  and  Co.,  of  Galashiels,  and  adopted 
bv  all  the  woollen  manufacturers  of  that  town,  will  be 
of  interest,  and  may  indicate  what  ought  to  be  done  in 
this  matter  in  woollen  mills.  . 

The  effluent  water  from  woollen  dye-works  consists 
partly  of  solid  matter  in  suspension— e.^. ,  spent  dye- 
woods,  fragments  of  woollen  fibres,  l^c.-and  partly  ot 
soluble  substances  contained  in  the  waste  dye,  mordant, 
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and  scouring  liquors.  The  method  of  purification  is  of 
necessity,  therefore,  chemical  as  well  as  mechanical. 

-Fig.  44  gives  a  plan  of  the  purification  plant  in  use 
at  Messrs.  Sanderson's  works,  where  upwards  of  40,000 
litres  of  waste  scouring-liquor  and  about  120,000  litres 
of  dye  and  acid  magma  water  are  treated  daily. 

In  order  to  reduce  as  much  as  possible  the  amount  of 
waste  water  to  be  pui-ified,  the  soapy  liquids  from  the 
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"^S-  44.— Plan  of  Purification  Works  for  Waste  Dje-liquors. 

yam  and  piece  scoui-ing  are  used  again  in  the  wool- 
scouring.  The  refuse  liquid  from  this  operation  is  run 
through  a  sieve  into  the  settliug  tank,  a,  whence  it  over- 
flows at  a  given  point  into  the  large  reservoir,  r  From 
here  it  is  pumped  into  the  high  level  magma  tanks,  c 
(each  of  about  20,000  litres''  capacity),  where  it  is 
thoroughly  well  mixed,  by  means  of  an  aii'-pump,  p,  with 
a  calculated  quantity  of  sulphuric  acid.  After  bein^^ 
allowed  to  settle,  the  supernatant  acid  liquid  is  run  otf 
into  the  tank,  e,  for  further  treatment.  The  precipitated 
magma  of  fatty  matter  is  allowed  to  flow  into  the  pit,  d, 
the  bottom  of  which  is  a  drainer  made  up  of  ashes,  spent 
dyewood  chips,  and  sawdust.  Here  it  is  allowed  to 
di-ain  for  about  a  week,  the  acid  filtrate  being  also  led 
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into   the   tank,  E.       The    pasty  magma  is    sold  to  oil- 
extractors  and  soap-makers.  ,,11, 

The  hio-hly-coloured  discharge  from  the  dye-honse 
passes  throSgh  a  sieve  into  the  settling  tank  F,  whence 
it  overflows  into  the  large  reservoir,  G.  In  this  reservoir 
the  colouring  matter  of  the  spent  dye-liqnor,  and  the 
unexhausted  mordants,  partially  combine  and  precipitate 
each  other.  Tank  H  contains  slaked  lime,  well  mixed 
with  some  dye-house  liquor  from  tank  G.  ^ 

By  means  of  the  pump,  p,  definite  proportions  of  acid 
ma^ma  water,  from  E  (about  one  part),  spent  dye-liquor 
from  G  (about  three  parts),  and  lime-water  from_  H  (about 
one  part),  are  forced  into  the  high  level  purification  tanks, 
K,  and  there  thoroughly  well  mixed.     By  this  means  the 
whole   of   the    colouring   matter   is  thrown  down  as  a 
fine,     flocculent    precipitate.      After   being   allowed   to 
settle,  the  almost  colourless  supernatant  water  flows  into 
the  tank  M,  and  the  deposit  is  run  off  at  mtervals  mto 
the  pit  L,  and  there  allowed  to  drain  until  it  acquires 
such  a  consistency  that  it    can  be  dug    out    and   con- 
veyed to  the  refuse  heap.  The  water  from  the  purification 
tanks,  K,  is  slightly  alkaline  from  excess  of  lime,  but  in 
the  tank  m  it  is  neutralised  by  allowing  it  to  mix  with 
the   sUditly   acid   rinsing-water  coming  from  the    dye- 
house      Thus  purified,  the  water  overflows  into  the  tank 
N,   and   passes  through  a  filter  into   the  river  o,  clear, 
neutral,  and  free  from  objectionable  colour. 

The  following  is  an  analysis  of  the  efliuent  water  by 
Crum  Brown : — 
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Ammonia  in 
grams  per  litre 

Analysis  of  inorganic 

solids  in  grams 

per  litre 

Organic 
6-13 

Inorganic 
0-78 

Saline 
0-003 

Albumin- 
oid 
0-002 

KoCroOy  .     .  0-006 
CaS04     .     .  0-11 
CaCOg     -     •  0-32 
Na,S04    .     .  0-29 
Na  CI       .     .  0-06 
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The  turbidity  is  represented  bj  the  quantity  of  china 
clay  (stated  in  grams  per  seventy  litres),  which,  \rhen 
added  to  pure  water,  gives  a  turbidity  equal  to  that  of 
the  sample. 

The  colour  is  represented  by  the  quantity  of  ammonia 
(stated  in  hundredths  of  a  gram  per  seventy  litres), 
which,  when  added  to  pure  water,  gives,  with  ISessler's 
reagent,  a  colour  as  nearly  as  possible  agreeing  with 
that  of  the  sample.  The  colour  of  the  etfluent  water  is  a 
faint  brownish-yellow. 

This  analysis  shows  that,  with  the  exception  of  the 
small  quantity  of  potassium  dichromate,  the  substances 
remaining  in  solution  in  the  water  discharged  into  the 
river,  are  the  usual  substances  found  in  ordiuary  spring 
and  river  water. 

In  explanation  of  the  above  process,  it  may  be  stated 
that  part  of  the  Kme  used  serves  the  purpose  of  neutral- 
ising the  acid  magma  liquor,  while  the  excess  precipitates, 
from  the  waste  mordant  liquor,  the  hydrated  metallic 
oxides,  which  at  once  combine  with  and  precipitate  any 
colouring  matter  present.  It  will  be  observed  that,  as 
far  as  possible,  the  waste  materials  from  the  various  pro- 
cesses of  manufacture  are  caused  to  aid  in  their  mutual 
purification  and  removal  from  the  water  discharged  into 
the  river. 

In  the  works  of  E.  Schwambom  at  Aachen,  the  re- 
fuse water  fi^om  the  washing  of  i^w  wool,  and  the  milling 
and  washing  of  cloth,  is  precipitated  by  lime.  The  com- 
position of  the  air- dried  precipitate  is  as  follows  : — 

"^ater        .        .         .       3-11  per  cent. 
Lime  and  ferric  oxide     IS "4 7         „ 
Fatty  matter      .         .71-96         „ 
"VTool  fibre,  &c.  .       6-46         „ 

Mixed  with  coal,  this  precipitate  serves  for  the  manufac- 
ture of  illuminating  gas.  Although  in  this  method  the 
potash  salts  of  the  raw  wool  are  lost,  it  is  estimated  that, 
after  deducting   the  working  expenses,   there  is  a  net 
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recovery  of  30  per  cent,  of  the  value  of  the  soap  used  in 
milling.  In  other  works  the  precipitate  is  treated  for 
the  recovery  of  fat. 

The  economy  which  can  be  effected  by  the  general 
adoption  of  some  such  methods  as  these,  may  be  calculated 
from  the  statistics  which  give  the  weight  of  cloth  milled 
each  year  in  Europe  as  500  million  kilos.,  corresponding 
to  about  100  million  kilos,  of  lime-soap  of  the  above 
composition. 
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THEOEIES  OF    DYEIXG. 
CHAPTER   X. 

ABOUT      DTEIXG. 

90.  Materials  and  Colouring  Matters. — The  tvro 
most  essential  elements  with  -which  the  dyer  has  to  deal, 
are  the  material  to  be  dyed  and  the  colouring  matter  to 
be  applied,  "^ith  regard  to  the  foiTaer,  onr  attention  is 
confined  to  the  te?vtile  fibres,  and  it  has  already  been 
shown  that  great  differences  exist  between  them,  iKDth  as 
to  their  physical  and  their  chemical  properties.  Xot  un- 
naturally, therefore,  they  miofht  be  expected  to  behave 
differently  towards  colouring  matters.  That  such  is 
really  the  case  is  readily  shown  by  making  the  following 
simple  dyeing  exi>eriment. 

Three  pieces  of  clean  white  textile  material — wool, 
silk,  and  cotton — are  immersed  in  a  moderately  stroucj 
aqueous  solution  of  acid  Indigo  Extract,  and  are  kept  in 
continual  movement  by  stinnng.  while  the  liquid  is 
gradually  heated  to  the  boiling  point.  If  the  pieces  are 
then  taken  out  and  well  washed  with  water  they 
present  a  remarkably  different  aspect ;  the  wool  and 
silk  have  become  dyed,  and  appear  pale  or  deep  blue 
according  to  the  amount  of  colouring  matter  employed, 
while  the  cotton  is  not  dyed,  or,  at  most,  becomes 
slightly  stained.  If  the  experiment  is  repeated  with 
many  other  colourinfr  matters — e.g.,  Magenta,  Methyl 
Violet,  <fcc. — similar  differences  are  noticed. 

The  real  cause  of  this  striking  difference  in  behaviour 
towards    colouring   matters   exhibited   by   the   different 
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textile  fibres  is  still  a  matter  of  discussion.  Several 
theories  have  been  propounded,  but  none  have  gained 
general  acceptance. 

It  is  maintained  by  some  that  the  animal  fibres 
attract  certain  colouring  matters  by  reason  of  chemical 
aflinity,  and  that  in  the  process  of  dyeing  they  actually 
combine  with  the  soluble  colouring  matter  to  produce  an 
insoluble  coloured  compound.  Cotton,  they  say,  does 
not  become  dyed  because  it  has  no  aflanity  for  such  colour- 
ing matters.  Such  is  the  purely  chemical  theory  oj 
chjeing. 

The  opponents  of  this  theory  very  properly  urge  as  a 
vital  objection  to  it,  that  two  fundamental  signs  of 
chemical  combination  having  taken  place  are  entirely 
wanting,  namely,  the  union  of  the  fibre  and  colouring 
matter  according  to  chemical  equivalents,  and  the  disap- 
pearance of  the  special  properties  of  each. 

Experiment  proves  that  the  animal  fibres  may 
attract  either  large  or  small  amounts  of  Indigo  Extract, 
and  be  properly  dyed  in  both  caseSj  the  difierence  being 
simply  one  of  intensity  of  colour.  There  is  not  the 
slightest  appearance  of  a  combination  according  to 
molecular  proportions,  as  in  the  formation  of  Prussian 
Blue  by  the  mutual  reaction  of  ferric  chloride  and  yellow 
prussiate  of  potash. 

As  to  the  second  point  of  the  objection,  no  doubt  the 
soluble  Indigo  Extract  attracted  by  the  fibre  has  appa- 
rently become  more  or  less  insoluble  in  water,  but  it  can 
be  readily  removed — e.g.,  by  heating  v/ith  a  dilute 
solution  of  carbonate  of  soda — with  all  its  properties 
unchanged,  and  the  decolorised  fibre  is  also  exactly  the 
same  as  before. 

Those  who  adhere  to  the  viechanical  theory  of  dyeing 
explain  the  foregoing  facts,  by  stating  that  the  animal 
fibres  have  become  dyed  by  reason  of  a  purely  physical 
attraction  exerted  between  the  Indigo  Extract  and  the 
said  fibres.  The  latter,  they  sayj  are  very  porous  or 
absorbent  bodies,  the  colouring  matter  has  penetrated  the 
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substance  of  the  tibre,  and  is  there  retained  in  an  un- 
changed condition. 

By  this  theory  the  whole  question  is  resolved  into  one 
of  surface  attraction,  and  the  action  is  said  to  be  identical 
with  that  which  takes  place  when  a  weak  solution  of  the 
same  colouring  matter  is  decolorised  by  filtering  through 
animal  charcoal. 

On  the  whole,  the  mechanical  theorv  of  dveing;  seems 
to  have  most  points  in  its  favour,  although  it  cannot  be 
denied  that  an  alteration  in  the  chemical  composition  of 
a  fibre  may  materially  alter  its  beha\4our  towards  cer- 
tain colouring  matters.  The  most  striking  example  of 
this  kind  is  that  exhibited  by  cotton,  when  changed  into 
oxycellulose  throus^h  the  action  of  hvpochlorous  acid  (see 
p.  11). 

91.  Pigments  and  Colouring  Principles. — To  return 
now  to  the  second  of  the  two  essential  elements  dealt  with 
by  the  dyer,  namely,  the  colouring  matter ;  so  excessively 
varied  are  the  bodies  belonging  to  this  class,  both  in 
physical  and  chemical  properties,  that  it  is  again  not  at 
all  surprising  that  they  should  behave  differently,  even 
towards  the  same  tibre. 

If  two  pieces  of  wool  are  treated  in  separate  vessels, 
the  one  with  a  solution  of  Magenta  and  the  other  with 
Alizarin,  the  former  will  soon  be  dyed  red,  while  the  latter 
only  assumes  a  brownish-yelloAv  stain  of  no  practical  use. 

If  a  third  piece  of  wool  is  fii'st  heated  in  a  solution 
containing  a  suitable  amount  of  aluminium  sulphate  and 
cream  of  tartar,  and,  after  washing  well,  is  then  boiled 
with  Alizarin  and  water  (preferably  somewhat  calcareous), 
it  acquires  a  bright  red  colour. 

When  other  metallic  salts — e.^., potassium  dichromate, 
stannous  chloride,  ferrous  sulphate,  <tc. — are  substituted 
for  the  aluminium  sulphate,  the  wool  becomes  dyed 
other  colours,  namely,  claret-brown,  orange,  purple,  &c. 

If  similar  experiments  are  made  with  Magenta,  the 
wool  always  assumes  a  more  or  less  similar  magenta-red 
tint. 
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It  is  quite  evident  from  these  experiments  that 
Magenta  and  Alizarin  have  totally  different  dyeing  pro- 
perties; they  are  indeed  typical  representatives  of  two 
distinct  classes  of  colouring  matters. 

The  members  of  the  one  class  are  coloured  bodies  or 
pitjments  in  which  the  colour  is  fully  developed,  and 
they  require  simply  to  be  fixed  on  the  textile  fibre,  more 
or  less  in  their  unchanged  state,  to  cause  the  latter  to 
become  dyed.  Such  colouring  matters  may  be  conveni- 
ently termed  monogenetic,  since  they  are  only  capable  of 
yielding,  at  most,  various  shades  of  one  colour.  To  this 
class  belong  Magenta,  Indigo,  Orcein  (orchil),  Picric  Acid, 
Methyl  Green,  &c.  The  members  of  this  class  may  be 
soluble  (Magenta),  or  insoluble  (Aniline  Black),  organic 
(Indigo),  or  inorganic  (Ultramarine  Blue). 

As  to  the  members  of  the  other  class  of  colouring 
matters,  although  they  are  generally  possessed  of  some 
colour,  this  is  not  an  essential  feature,  and  even  when 
present  it  generally  lacks  intensity,  and  does  not  necessa- 
rily bear  the  slightest  relationship  to  the  colours  obtain- 
able from  them  in  dyeing.  As  a  rule,  they  are  to  be 
considered  as  colouring  principles  capable  of  yielding 
several  colours,  i.e.,  very  distinct  coloured  bodies,  accord- 
ing to  the  means  employed  for  the  production  of  the 
latter,  and  hence  an  appropriate  name  for  them  may  be 
poll/genetic  colouring  matters.  To  this  class  belong  Hse- 
matein  (logwood),  Alizarin  (madder),  Gallein,  (fee. 

From  what  has  just  been  stated,  it  will  be  understood 
that  the  general  mode  of  applying  the  members  of  these 
two  classes  of  colouring  matters  in  dyeing  is  very  dif- 
ferent. This  is,  however,  only  partially  true,  for  the  dis- 
tinction between  monogenetic  and  polygenetic  colouring 
matters  in  this  respect  is  not  sharply  defined,  since  there 
are  those  which  stand,  as  it  were,  on  the  border-land 
between  the  two.  Some  of  the  monogenetic  colouring 
matters — e.g.,  Alizarin  Blue,  Coerulem,  tfec. — combine  the 
properties  of  colouring  principles  and  of  veritable  pig- 
ments.    The  method   of   applying   them   to  the  textile 
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fibres  is  that  usual  'wdth  the  polygenetic  class,  but  they 
are  only  capable  of  j^elding  various  tones  of  one  colour, 
and  they  can  also  be  applied  by  special  methods  adopted 
>vdth  certain  monogenetic  colouring  matters,  for  instance. 
Indigo. 

The  presence  of  the  fibre  in  the  third  experiment 
cited  above,  is  not  a  condition  essential  to  the  de\'elo]> 
ment  of  the  coloui',  as  can  be  readily  enough  shown  by 
the  foD  owing  experiment : — Make  a  dilute  solution  of 
aluminium  sulphate,  and  render  it  somewhat  basic  and 
more  sensitive  by  neutralising  a  portion  of  its  sulphuric 
acid  with  sodium  carbonate ;  add  now  t6  the  still  clear 
solution  a  little  alizarin,  and  shake  the  mixture  vigor- 
ously, or  heat  it  a  little.  A  red-coloured  body  is  very 
soon  produced  in  the  form  of  an  insoluble  precipi- 
tate, especially  if  a  calcium  salt  be  also  present.  It 
would  appear  in  this  case  that  the  colouring  matter 
enters  into  chemical  combination  with  the  aluminium, 
or  with  a  very  basic  salt  of  the  same. 

Analogous  but  variously- coloured  precipitates  are 
produced  on  substituting  decoctions  of  Cochineal,  Persian 
berries,  Logwood,  <fcc.,  for  the  Alizarin,  or  by  replacing 
the  aluminium  sulphate  with  solutions  of  other  metallic 
salts.  Coloured  precipitates  produced  in  this  manner 
are  the  real  colours  or  pigments  which  it  is  desired  to 
obtain  from  the  polygenetic  colouring  matters  ;  indeed, 
when  dried j  gi'oundj  and  mixed,  say,  with  boiled  oil, 
they  are  used  by  the  painter  under  the  name  of  lakes. 
The  object  of  the  dyer,  however,  is  not  only  to  produce, 
but,  at  the  same  time,  to  fix  these  coloured  precipitates 
or  lakes  on  the  material  to  be  dyed,  without  the  aid  of 
such  a  vehicle  as  boiled  oil. 

To  effect  this,  two  operations  as  a  rule  are  necessary, 
namely,  mordnnting  and  dyeing. 

92.  The  Mordanting  Process. — The  first  has  for  its 
object,  the  precipitation  and  fixing  upon  the  textile  ma- 
terial as  firmly  and  permanently  as  possible,  of  some  sub- 
stance capable  of  combining  with   the  colouring  matter 
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subsequently  to  be  applied,  and  precipitating  it  in  an  in- 
soluble state  upon  the  fibre.  This  operation  or  series  of 
operations  constitutes  the  mordanting  process,  and  the 
metallic  salts  or  other  substances  used  for  this  pui-pose  are 
termed  mordants.  This  name  is  derived  from  the  Latin, 
mordere,  to  bite.  It  was  originally  introduced  because 
the  early  French  dyers  considered  that  the  utility  of  these 
metallic  salts  consisted  in  their  corrosive  nature  ;  the 
general  opinion  was  that  they  simply  made  the  textile 
fibres  rough,  that  they  opened  their  pores,  and  thus  ren- 
dered them  more  suitable  for  the  entrance  of  the  colouring 
matters.  Xo  doubt  some  slight  corrosive  action  does  take 
place  here  and  there,  in  which  case,  of  course,  the  surface 
of  the  fibres  will  be  increased,  entailing,  probably,  a  slight 
increase  of  physical  attraction  of  the  fibre  for  colourinof 
matters,  but  the  essential  action  of  mordants  is  undoubt- 
edly chemical.  As  to  the  manner  of  applying  these 
mordants,  it  varies  with  the  different  origin  and  state  of 
manufacture  of  the  textile  fibres,  the  nature  of  the  mor- 
dants and  colouring  matters  employed,  the  particular 
effects  to  be  obtained,  and  so  on.  ■ 

The  method  generally  adopted  in  the  case  of  the 
woollen  fibre  is  to  boil  it  with  dilute  solutions  of  the 
metallic  salts,  frequently  with  the  addition  of  acid  salts, 
e.g.,  cream  of  tartar,  &c.  A  partial  dissociation  of  the 
metallic  salts  takes  place,  induced  and  augmented  both 
by  the  dilution  and  heating  of  the  solution  and  the  ad- 
dition of  assistant  acids  and  salts,  and  partly  by  the 
presence  of  the  fibre  itself.  What  actually  becomes  fixed 
upon  the  fibre  during  this  process  is  in  most  cases  more 
or  less  a  matter  of  conjecture,  the  chemistry  of  the  pro- 
cess having  been  as  yet  only  imperfectly  studied. 

Although  the  term  mordant  is  generally  applied  only 
to  the  metallic  salts  used,  a  mordant  in  the  widest  sense 
of  the  term  is  that  body,  whatever  it  may  be,  which  is  fixed 
on  the  fibre  in  combination  with  any  given  colouring 
matter.  In  the  case  cited  of  dyeing  wool  alizarin-red,  it  is 
considered  that  during:  the  boilinor  of  the  wool  with  cream 
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of  tartar  and  aluminium  sulphate,  this  latter  salt  is  de- 
composed, and  the  mordant  precipitated  on  the  fibre  is 
insoluble  alumina,  or  a  basic  aluminium  sulphate  ;  in  the 
subsequent  dye-bath  this  combines  with  the  alizarin  to 
produce  the  red-coloured  compound,  or  lake. 

Silk  and  wool  have  many  analogous  properties,  and 
hence  the  silk  fibre  is  frequently  mordanted  in  a  manner 
similar  to  that  employed  for  wool,  but  as  a  rule  high 
temperatures  are  avoided,  and  mere  immersion  in  a  cold 
concentrated  metallic  salt  solution,  with  a  subsequent 
washing  with  water,  is  all  that  is  necessary.  During  the 
immersion  the  silk  absorbs  the  metallic  salt  more  or  less 
unchanged,  but  in  the  subsequent  washing,  this  absorbed 
salt  is  dissociated  by  the  mere  dilution  with  water,  and 
an  insoluble  basic  salt  is  precipitated  within  the  substance 
of  the  fibre.  Certain  soluble  basic  ferric  sulphates,  basic 
aluminium  sulphates,  and  stannic  chloride,  behave  in  this 
manner. 

As  to  the  methods  employed  for  mordanting  cotton, 
they  are  usually  more  complex,  since  this  fibre  has  not 
the  property,  like  silk  and  wool,  of  decomposing  metallic 
salts  by  such  a  simple  method  as  boiling  in  their  solu- 
tions, nor  is  it  so  porous  as  these  fibres.  In  some  cases, 
metallic  salts  are  chosen  whose  component  parts  are, 
under  certain  conditions,  readily  separable  from  each 
other,  such  as  acetates  of  iron  and  aluminium,  and  with 
these,  after  immersing  the  cotton  in  their  solutions,  and 
removing  the  excess,  it  may  suffice  to  dry  the  cotton  and 
then  to  expose  it  for  some  time  to  air  rendered  suitably 
warm  and  moist  ("  ageing  "). 

Ferrous  acetate  absorbs  oxygen  from  the  air  most 
energetically,  and  forms  already  in  this  way  a  difficultly 
soluble  basic  salt. 

2[Fe(C2H302)2]  +  0  +  H2O  =  Fe2(C2H302)4(OH)a 
Ferrous  acetate.  Basic  ferric  acetate. 

In  most  cases  of  mordanting,  however,  whether  the 
material  be  silk,  wool,  or  cotton,  there  is  precipitated  upon 
the  fibre  a  metallic  oxide,  or  a  basic  metallic  salt,  with  a 
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corresponding  liberation  of  acid,  or  formation  of  an  acid 
salt,  and  the  mordanting  process  continues  only  as  long 
as  the  constantly  increasing  acid  allows,  i.e.,  until  a  state 
of  equilibrium  proper  to  the  new  conditions  has  become 
established. 

The  advantao;e  of  usinof  the  metallic  acetates  as 
mordants  for  cotton  is,  that  the  liberated  acid  does  not 
injure  or  tender  the  fibre,  which  is  readily  the  case  with 
other  salts  ;  further,  owing  to  its  volatility,  the  acetic 
acid  is  quickly  removed,  under  suitable  conditions  of  heat 
and  moisture,  from  the  field  of  action,  and  a  more  perfect 
precipitation  of  the  real  mordanting  body  on  the  fibre 
takes  place. 

In  some  cases  of  mordanting  cotton,  the  use  of 
acetates,  and  the  simple  exposure  or  "  ageing  "  referred 
to,  are  avoided,  either  from  motives  of  economy  or  because 
certain  practical  difficulties  arise.  With  cotton  yarn, 
for  example,  the  drying  is  apt  not  to  be  uniform,  and 
irregular  colours  result  from  unequal  decomposition  of 
the  acetate.  Even  where  acetates  are  both  applicable 
and  preferable,  it  is  not  always  the  case  that  the  "  age- 
ing" process  causes  the  maximum  amount  of  mordant 
to  be  fixed  upon  the  fibre.  In  such  cases,  other  modes 
of  getting  rid  of  the  acid  are  adopted,  and  other  mor- 
danting salts  even  are  employed.  The  mordanting  base 
may  be  fixed  upon  the  fibre  by  using  a  weak  alkaline 
bath  of  ammonia,  chalk,  sodium  carbonate,  &c.,  or  by 
using  such  alkaline  salts  as  not  only  remove  the  acid, 
but  also  produce  insoluble  compounds  with  the  base,  e.g., 
sodium  silicate,  phosphate,  arsenate,  &c.  This  method  is 
adopted  by  the  calico-printer  in  the  operation  of  "  cleans- 
ing" or  "dunging,"  which  succeeds  the  "ageing"  and 
precedes  the  djeing  operations. 

When  the  mordanting  body  is  applied  in  alkaline 
solution,  e.g.,  stannic  oxide,  as  stannate  of  soda,  a 
slightly  acid  bath  (sulphuric  acid)  is  required  for  its 
precipitation  upon  the  fibre.  This  is  a  method  also 
frequently  used  by  the  calico-printer. 
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Still  another  method  of  fixing  the  mordant  on  textile 
fabrics  is  that  of  steaming^  a  process  adopted  for  certain 
styles  of  work  by  the  printer  of  cotton,  wool,  and  silk 
materials. 

In  the  calico  styles  referred  to,  a  mixture  of  poly- 
genetic  colouring  matter  {e.g.,  Alizarin)  and  metallic  salt 
{e.g.,  aluminium  acetate)  is  printed  upon  the  fabric,  which 
is  then  dried  and  submitted  to  the  action  of  steam  in  a 
closed  box.  During  this  steaming  process,  the  metallic 
salt  employed  as  mordant  is  decomposed,  a  greater  or 
(ess  proportion  of  its  acid  is  driven  off,  and  the  remaining 
oxide  or  basic  salt  is  fixed  upon  the  fibre.  Not  only  so, 
however,  but,  at  the  high  temperature  employed,  com- 
bination between  the  colouring  matter  and  mordant 
takes  place,  coloured  pigment  is  produced,  and  is  at  the 
same  time  firmly  fixed  upon  the  fibre. 

The  mordanting  and  dyeing  operations  are  combined 
in  an  analogous  manner  when  applying  certain  colouring 
matters  to  wool  by  dyeing,  since  this  fibre  possesses  the 
property  of  decomposing  acid  solutions  of  colour-lakes, 
and  even  of  attracting  and  mechanically  fixing  the  latter 
when  undissolved,  if  sufficiently  finely  divided. 

93.  Colour-Acids  and  Colour-Bases. — In  the  above 
cases,  where  polygenetic  colouring  matters  are  employed, 
the  actual  mordants  fixed  on  the  textile  fibre  have  more 
or  less  a  basic  character ;  as  already  stated,  they  are 
metallic  oxides  or  basic  metallic  salts,  and  although  these 
colouring  matters  are  not  really  acids,  but  rather  bodies 
of  an  alcoholic  or  phenolic  nature,  they  possess  so  much 
of  the  acid  character,  that  they  combine  with  these  and 
other  bases ;  it  is  not  at  all  improbable  indeed  that  the 
colouring  matter  and  the  mordant  (when  this  is  neces- 
sary) must  always  bear  some  such  definite  relationship 
towards  each  other.  All  polygenetic  colouring  matters 
known  hitherto  possess  the  acid  character  referred  to. 

It  has  been  stated  that  cotton  does  not  become  per- 
manently dyed  when  immersed  in  a  hot  solution  of  Indigo 
Extract  or  of  Maojenta.      In  so  far  as  this  latter  colourinir 
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matter  is  a  red-coloured  body,  althougli  soluble,  it  may  be 
considered  analogous  to  the  alizarin-red  pigment  pro- 
duced by  the  combination  of  alumina  and  Alizarin.  The 
question  arises,  is  it  similarly  constituted  ?  is  it  produced 
by  the  combination  of  a  basic  body  with  one  of  an  acid 
character  ?  Experiment  answers  yes,  and  shows  it  to  be 
a  chemical  compound  of  a  colourless  base  rosaniline  with 
hydrochloric  acid  It  does  seem,  therefore,  to  have  a  con- 
stitution somewhat  analogous  to  that  of  alizarin-red,  but 
of  a  reverse  character.  In  Magenta,  the  colouring  power 
resides  in  the  basic  part  of  the  compound  (rosaniline), 
whereas  in  the  alizarin-red  it  is  to  be  found  in  the 
acid  portion  (Alizarin),  although  in  each  case  the  other 
constituent  is  equally  necessary  to  the  production  of  a 
coloured  body.  Such  considerations  lead  one  to  distin- 
guish colour-acids  and  colour-bases,  and  we  may  infer 
that  if  the  former,  as  we  have  seen,  require  basic  mor- 
dants, the  latter  will  probably  require  acid  mordants. 
Among  the  numerous  monogenetic  colouring  matters, 
there  is  an  extensive  class  of  colour-acids  which  differ 
considerably  in  chemical  constitution  from  those  which 
possess  an  alcoholic  or  phenolic  character  like  Alizarin. 
They  contain  the  atomic  group  (HSO3),  are  analogous 
more  or  less  to  acid  sulphites,  and  have  been  termed 
'  sulphonic  acids."  To  this  class  belong  Indigo  Extract, 
Crocein  Scarlet,  (tc.  Some  colouring  matters,  e.g.,  In- 
digotin,  may  be  regarded  as  of  a  neutral  or  indifferent 
character. 

In  endeavouring  to  fix  Magenta  upon  cotton,  the 
question  arises,  will  the  colourless  rosaniline  combine 
with  any  other  acid  than  hydrochloric  acid  to  form  an 
insoluble  red  or  otherwise  coloured  compound  ?  Is  it 
capable  of  forming  a  lake  ?  If  so,  the  next  question  is, 
is  the  requisite  acid  capable  of  being  fixed  upon  cotton 
in  such  a  manner  that  it  can  still  combine  with  the 
rosaniline  ?  Experiment  shows  that  there  are  such 
acids,  e.g.,  tannic  acid.  If  a  solution  of  Magenta  is 
mixed  with   a   solution   of   tannic   acid  (either  free   or 
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neutralised  with  an  alkali),  an  insoluble  red-coloured 
tannate  of  rosaniline  will  be  precipitated.  Cotton  has 
a  natural  attraction  for  tannic  acid,  so  that  when 
once  steeped  in  its  solutions  it  is  not  readily  removed 
by  washinor.  In  order  to  dve  cotton,  therefore,  with 
Magenta,  it  suffices  to  immerse  it  for  some  time  in 
a  solution  of  tannic  acid,  and  after  drying,  to  pass  it 
into  a  solution  of  Magenta.  The  red  tannate  of  rosaniline 
thus  produced  upon  the  fibre  does  not,  however,  possess 
the  character  of  absolute  insolubility,  especially  in  alka- 
line and  soapy  liquids,  so  that  the  dye  cannot  be  con- 
sidered entirely  satisfactory.  But,  just  as  it  has  been  seen 
that  certain  alkali  salts  can  be  used  for  the  better  fixing 
of  the  basic  mordants  on  cotton,  by  reason  of  their  acid, 
so  here  certain  metallic  salts  can  be  used  to  fix  such  acid 
mordants  as  tannic  acid,  but  in  this  case  by  reason  of  their 
base. 

In  applying  Magenta  to  cotton,  for  example,  a  dye 
much  faster  to  boiling  soap  solutions  is  obtained,  if 
the  tannic  acid  prepared  cotton  is  passed  into  a  solu- 
tion of  an  antimony  or  tin  salt — e.g.,  tartar  emetic,  or 
stannic  chloride — previous  to  its  immersion  in  the  solu- 
tion of  Magenta.  By  this  means  the  tannic  acid  is  fixed 
upon  the  cotton  in  a  very  insoluble  form,  as  tannate  of 
antimony  or  tin. 

Acid  mordants,  which  act  in  the  same  manner  as 
tannic  acid,  and  fix  the  basic  colouring  matters  upon 
cotton,  are  not  numerous,  but  oleic  acid  and  other  fatty 
acids  may  be  mentioned  as  such.  It  is  interesting  to 
note  that  colouring  matters  of  an  acid  character  (e.g.j 
Alizarin)  when  fixed  on  cotton,  may  also  behave  as  mor- 
dants towards  basic  colouring  matters.  Alizarin  purples 
and  alizarin  reds  on  cotton  can  be  readily  dyed  with 
Methyl  Violet,  Magenta,  ttc.  Hitherto,  all  the  acid 
mordants  employed  to  fix  any  particular  basic  colouring 
matter  on  textile  fabrics  have  produced  only  similar 
shades  of  colour.  Basic  colouring  matters  are  hence  all 
monofrenetic. 
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Since,  however,  both  oleic  and  tannic  acid  can  combine 
not  only  with  organic  colour- bases  in  the  manner  just 
described,  but  also  with  certain  metallic  oxides  {inorganic 
bases),  to  produce  insoluble  compounds,  they  may  be, 
and  are,  indeed,  employed  as  fixing  agents  for  tlie 
latter  in  the  same  way  as  the  alkaline  phosphates, 
arsenates,  kc. 

A  usual  method  of  dyeing  cotton  black,  for  example, 
is  first  to  impregnate  the  cotton  with  a  solution  of  tannic 
acid  (decoction  of  sumach,  (kc),  and  afterguards  with  a 
solution  of  a  fen^ic  salt  (nitrate  of  iron). 

The  mordant  (ferric  oxide)  is  in  this  way  fixed  on  the 
cotton  by  means  of  the  tannic  acid.  Thus  mordanted,  the 
cotton  is  ready  to  be  dyed  in  a  decoction  of  logwood. 

Another  notable  example  of  the  same  kind  is  afforded 
by  the  method  employed  in  dyeing  Turkey-red.  Here 
the  cotton  is  first  impregnated  with  oleic  acid,  or  other 
oil  compound  of  similar  character,  and  is  afterwards 
immersed  in  a  solution  of  an  aluminium  salt.  The 
mordant  alumina  is  fixed  on  the  cotton  by  means  of  the 
oil  compound,  and  yet  it  combines  with  the  alizarin  in  the 
subsequent  dye-bath,  to  produce  the  red  pigment. 

Apart  from  this  preliminary  precipitation  and  fixing 
of  the  basic  or  acid  mordant  on  the  cotton  previous 
to  the  application  of  a  colour-acid  or  colour-base,  the 
fixing  of  all  colouring  matters  upon  cotton  seems  to 
depend  largely  on  theii^  capability  of  forming  insoluble 
precipitates  or  lakes. 

Colouring  matters,  like  Indigo  Extract,  Crocei'n  Scar- 
let, itc,  which  do  not  form  any  sufficiently  insoluble  com- 
pound "^^-ith  bases,  are  not  suitable  for  dyeing  cotton. 

In  dyeing  with  Indigo  and  Safflower,  the  colouring 
matters  are  themselves  readily  precipitated  from  their 
solutions,  either  by  oxidising  or  acid  influences. 

With  Turmeric,  and  some  few  other  dye-stuffs,  precipi- 
tation is  not  necessary,  since  cotton  is  dyed  with  these  by 
merely  steeping  it  in  their  decoctions,  and  the  case  seems 
to  be  analogous  to  the  dyeing  of  wool  with  Magenta. 
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CHAPTER    XL 

USE    OF    MORDANTS. 

94.  Application  of  Mordants. — In  the  opening  words 
of  the  preceding  chapter  it  was  stated  that  the  two  most 
essential  elements  in  the  operations  of  the  dyer  are,  the 
material  to  be  dyed,  and  the  colouring  matter  to  be  ap- 
plied; but  from  what  has  been  said,  it  is  evident  that 
the  mordant  plays  an  almost  equally  important  part, 
according  to  the  particular  colouring  matter  and  libre 
dealt  with. 

Whenever  mordants  are  necessary,  the  method  of  ap- 
plication should  not  perceptibly  affect  the  physical  charac- 
teristics of  the  fibre — for  example,  its  strength,  elasticity, 
feel,  lustre,  6zc. — and  the  ultimate  colour  produced  should 
be  as  bright  as  possible.  It  is  important  that  sulficient 
time  and  suitable  conditions  be  allowed  for  the  mordant 
solution  to  penetrate  the  fibre  thoroughly,  and  that  the 
change  of  the  mordant  from  the  soluble  to  the  insoluble 
state  should  not  be  too  rapid.  If  the  mordant  is  merely 
fixed  on  the  fibre  superficially,  the  dyes  eventually 
produced  are  not  "fast,"'  especially  to  rubbing,  and 
are  totally  devoid  of  brilliancy  or  bloom.  The  chemi- 
cally different  nature  of  each  individual  colouring 
matter  and  mordant,  and  the  different  behaviour  of  the 
several  textile  fibres,  compel  us  to  determine  the  best 
method  of  fi_xins:  for  each  colouring  matter  and  mordant. 
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And  although  one  may  make  use  of  class  relationships,  and 
there  may  be  certain  broad  lines  to  work  upon,  the  time 
has  not  arrived  for  laying  down  any  theory  of  the  fixing 
of  mordants  or  colouring  matters  which  shall  be  generally 
applicable  and  satisfactory. 

In  the  following  pages,  the  most  important  mordants 
in  use  at  the  present  time  will  be  considered  ;  the  outlines 
of  their  manufacture  will  be  given  ;  and  special  though 
brief  reference  to  their  chemical  behaviour  under  practical 
conditions  will  be  made. 


ALUMINIUM    MORDANTS. 

These  are  perhaps  the  most  generally  important  of 
all  mordants.  They  have  been  employed  from  time 
immemorial,  and  are  at  present  used  for  all  fibres. 

95.  Aluminium  Sulphate  [Al2(S04)3-18H20].— This 
normal  salt  is  known  also  in  a  more  or  less  pure  state 
as  "cake-alum,"  "concentrated  alum,"  and  "patent  alum." 
It  is  prepared  by  dissolving  alumina  in  sulphuric  acid, 
and  evaporating  the  solution  until  it  solidifies  on  cooling. 
The  chief  difiiculty  in  its  manufacture  is  to  obtain  an 
alumina  sufiiciently  free  from  iron.  This  requisite  is 
now  obtained  as  a  by-product  in  the  manufacture  of 
sodium  carbonate  from  cryolite.  Another  source  is  the 
mineral  bauxite,  which  consists  essentially  of  alumina, 
with  a  slight  admixture  of  ferric  oxide,  and  frequently 
also  of  silica. 

At  the  present  time  very  pure  normal  aluminium 
sulphate  appears  as  an  article  of  commerce  in  the  form 
of  irregular  lumps,  having  a  fused  appearance ;  it  may 
serve  very  conveniently  for  the  preparation  of  all  other 
aluminium  mordants. 

If  a  solution  of  the  normal  salt  be  neutralised  to  a 
greater  or  less  degree — e,g.^  by  the  addition  of  mono- 
or  di-sodium  carbonate,  chalk,  aluminium  hydrate,  &c. — 
solutions  of  so-called  basic  aluTniiiium  sulphates  are 
obtained.     These  vary  in  composition   according  to  the 
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extent  of  tlie  neutralisation,  as  shown  by  the  following 

equations  : — 

Al2:SO;;3-lSH20  +  2XaHC03  =  Al2(S04)2(OH)2  +  y&SOi  + 

Normal  Slonosodium  Basic  Sodiuiii 

alumini-Qin  siilpliate.    Carbonate,     aluminium  sulpliate.        sulpliate. 

42CO2-I-I8H2O 
Carbonic    Water, 
acid. 

2[Al2(S04)3-18H..O]+6XaHC03=  Ali(S04  3  0H)6  +  3Xa.,S04+ 

Basic 
aluminium  sulpliate. 

+  6CO2+36H2O 

AI2  (804)3- I8H0O  +4XaHC03=  AL;(S04)(OH)4  +  2X^804  + 

Basic 
aluminium  sulpliate. 

4-4CO2+I8H2O 

Numerous  experiments  by  Liechti  and  Suida  have 
shown  that  the  more  basic  the  solution  the  more 
readily  is  it  dissociated,  either  on  heating  or  on  di- 
lutinij  with  water,  and  the  greater  is  the  proportion 
of  alumina  fixed  on  the  cotton  fibre  by  steej)ing  and 
afterwards  drying  at  a  low  temperature.  Whereas,  for 
example,  a  solution  of  normal  aluminium  sulphate  (200 
gi'ams  per  litre)  gives  no  precif)itate,  either  by  boiling  or 
when  diluted  with  water,  and  gives  up  to  the  cotton  fibre 
only  about  13  per  cent,  of  the  alumina  presented  to  it, 
an  equivalent  solution  of  the  basic  salt  Al^(S04)3(OH)g 
begins  to  be  precipitated  when  heated  to  68'^  C. ,  or  when 
diluted  with  twice  its  volume  of  cold  water,  and  gives  up  to 
the  cotton  fibre  5 8-7  per  cent,  of  the  available  alumina. 
A  solution  of  Al2(S04)2(OH)2,  which  is  perhaps  the  most 
usually  employed  of  the  basic  sulphates,  holds  in  the 
above  respects  an  intermediate  position,  since  it  is  pre- 
cipitated only  after  boiling  for  half  an  hour,  or  by 
diluting  with  water  fourteen-fold,  and  it  yields  under 
similar  conditions  51  per  cent.  AI0O3  to  the  cotton  fibre 
The  dissociation  is  always  accelerated  by  the  presence  of 
sodium  sulphate   in   the   solution,    and    in   the    case  of 


Chap.  XI.]  ALUMINIUM    MORDANTS.  159 

Al2(S04)2(OH)2  its  presence  causes  the  precipitate  pro- 
duced by  boiling  to  re-dissolve  on  cooling. 

When  solutions  of  basic  aluminium  sulphates  are 
boiled,  a  still  more  basic  and  insoluble  salt  is  precipitated, 
especially  in  the  presence  of  the  textile  fibres,  and  a  normal 
or  even  acid  salt  remains  in  solution.  Similar  changes 
evidently  occur  when  the  fibres  impregnated  with  the 
solutions  are  dried,  and  it  is  on  these  facts  that  the 
use  of  basic  salts  in  mordanting  depends. 

Good  normal  aluminium  sulphate  is  more  economical 
as  a  basis  for  the  manufacture  of  other  aluminium 
mordants  than  its  double  salts,  the  alums  of  commerce, 
so  usually  employed.  It  contains  a  larger  percentage 
of  the  useful  constituent  alumina  (15  per  cent.),  and  none 
of  the  comparatively  useless  and  expensive  ammonium 
or  potassium  sulphate.  Till  recently,  the  alums  have 
been  preferred  because  they  are  more  regular  in  composi- 
tion, and  less  liable  to  contain  iron,  but  these  defects  are 
not  necessarily  met  with  in  aluminium  sulphate  at  the 
present  time. 

The  presence  of  iron,  which  must  be  at  all  times 
strenuously  avoided,  is  readily  detected  by  noticing  the 
characteristic  (black  or  blue)  colorations,  or  precipitates, 
produced  by  adding  to  a  concentrated  solution  of  the 
aluminium  sulphate  one  or  other  of  the  following  solu- 
tions, tannic  acid,  logwood  liquor,  a  mixture  of  potassium 
ferro-  and  ferri-cyanide.  It  is  well  to  bear  in  mind  that 
the  iron  may  be  present  either  as  a  ferrous  or  a  ferric 
salt. 

Application  of  Aluminium   Sulphate   to  the  several 

Fibres. 

96.  Application  to  Cotton. — Owing  to  the  great  sta- 
bility of  normal  aluminium  sulphate,  this  is  by  no  means 
a  useful  mordant  when  employed  alone.  If  cotton  is 
boiled  with  its  solution,  no  precipitation  of  insoluble 
basic  salt,  and  hence  no  mordanting,  takes  place.  Even 
under    the  more  favourable  mode  of   impregnating  the 
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cotton  with  its  solution  and  drying,  its  mordanting  power 
is,  as  already  indicated^  comparatively  feeble.  Very  much 
better  results  are  obtained  by  this  so-called  ageing 
method  when  basic  aluminium  sulphate  is  used.  But 
the  method  is  not  employed  in  practice  even  then, 
because  of  the  liability  of  the  fibre  to  become  tendered 
by  the  acid,  or  acid  salt  which  is  liberated,  and  because 
with  loose-cotton,  or  cotton-yarn,  it  would  certainly  give 
irregular  results  through  unequal  drying,  and,  conse- 
quently, unequal  decomposition  of  the  mordant. 

The  preferable  method  is  that  of  precipitation,  in 
which,  after  impregnating  the  fibre  evenly  with  basic 
aluminium  sulphate,  the  material  is  dried  and  passed 
into  a  solution  of  some  salt  caj)able  of  fixing  the 
alumina  on  the  fibre,  either  by  precipitating  it  as  such, 
or  combining  with  it  to  produce  an  insoluble  compound. 
The  following  substances  may  be  used  for  this  purpose, 
ammonium  carbonate,  ammonia,  phosphate  of  soda, 
arsenate  of  soda,  silicate  of  soda,  soap,  ammoniacal  sul- 
phated  oil,  &c. 

The  choice  of  fixing  agent  should  be  determined  by 
experiment,  since  the  state  in  which  the  alumina  is 
fixed  upon  the  fibre  influences  considerably  the  ultimate 
result,  both  as  to  brilliancy  of  colour  and  fastness.  To 
obtain  the  best  result,  the  choice  may  vary  with  each 
colouring  matter  employed.  The  concentration  and 
temperature  of  the  fixing  solution,  and  the  duration 
of  immersion,  should  also,  in  each  case,  be  accurately 
determined.  The  following  must  be  taken,  therefore, 
only  as  an  approximate  guide  for  further  experiments. 

Prepare  the  following  solution  of  basic  aluminium  sul- 
phate :  one  litre  of  water,  200  grams  of  normal  aluminium 
sulphate,  31  "82  grams  of  di-sodium  carbonatCj  NaoCOg ; 
make  the  solution  to  stand  at  10°  Tw.  (Sp.  Gr.  1*05). 

Impregnate  the  cotton  with  this  solution,  remove 
excess  of  liquid  by  squeezing  or  wringing,  dry  at  a  low 
temperature,  and  pass  into  cold  water  containing  fifty 
grams  of  strong  commercial  ammonia  liquor  (0'88  Sp*  Gr.) 
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per  litre.  After  working  the  cotton  in  this  sohition  for 
five  or  ten  minutes,  and  washing  well,  it  is  ready  for 
dyeing. 

If  soap  be  the  fixing  agent  employed,  make  a  solution 
containing  ten  gi-ams  per  litre. 

If  arsenate  or  phosphate  of  soda,  use  from  five  to 
ten  grams  per  litre. 

If  silicate  of  soda  at  100°  Tw.  (Sp.  Gr.  1-5)  use 
five  to  ten  grams  per  litre. 

When  sulphated  oil  is  employed,  it  is  best  to  impreg- 
nate the  cotton  with  a  solution  of  this  first,  and  pass 
afterwards  into  the  solution  of  basic  aluminium  sulphate. 
The  amount  of  alumina  precipitated  upon  the  fibre 
in  this  case  is  determined  by  the  concentration  of  the 
sulphated  oil  solution  employed,  and  not  by  that  of  the 
aluminium  salt  solution. 

Impregnate  the  cotton  thoroughly  with  an  aqueous 
solution  containing  50—150  grams  of  sulphated  oil  per 
litre,  remove  the  excess  of  liquid  by  squeezing  or  wringing, 
and  dry  in  a  stove.  The  cotton  is  then  worked  ^  for  a 
short  time,  or  steeped  in  a  solution  of  basic  aluminium 
sulphate  at  10^  Tw.  (Sp.  Gr.  1-05),  and  finally  washed 
with  water. 

Tannic  acid  is  sometimes  employed  in  the  same 
manner  as  sulphated  oil. 

97.  Application  to  TFoo^.— In  mordanting  wool,  the 
normal  aluminium  sulphate  is  to  be  prefen-ed  to  the  basic 
salt,  since  the  latter  is  too  sensitive.  Under  the  conditions 
necessary  to  be  imposed,  it  would  be  apt  to  decompose 
too  rapidly,  the  wool  would  be  more  or  less  superficially 
mordanted,  and  the  ultimate  colour  would  be  dull,  and 
liable  to  rub  off" ;  moreover,  the  wool  would  acquke  an 
unpleasant,  harsh  feel. 

Simple  steepmg  of  the  wool  in  a  cold  aluminium 
sulphate  solution,  even  with  subsequent  drying,  gives  an 
unsatisfactory  result. 

In  order  to  expel  the  air  from  within  and  around  the 
wool  fibre,  and  also  to  soften  the  latter,  and  thus  render 
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it  tlioro Uglily  pei-meable,  it  is  necessaiy  that  a  boiling 
solution  be  employed. 

In  most  cases  the  addition  to  the  solution  of  a  certain 
proportion  of  bi-tartrate  of  potash  is  found  extremely 
beneficial,  since  it  adds  depth  and  brilliancy  to  the 
ultimate  colour.  {See  Alizarin,  p.  454).  This  addition 
evidently  causes  an  increased  amount  of  alumina  to  be 
precipitated  upon  the  fibre.  In  some  cases,  however 
\see  Old  Fustic  and  other  Yellow  Dyewoods,  p.  360),  it 
renders  the  ultimate  colour  dull 

To  mordant  wool  efficiently  with  aluminium  sul- 
phate, prepare  the  following  solution :  one  litre  of 
water,  eight  grams  of  aluminium  sulphate,  seven  grams 
of  bi-tartrate  of  jx^tash  (cream  of  tartai').  Immerse 
the  wool  in  the  cold  solution,  raise  the  temperature 
gradually  to  the  boiling  point  in  the  coui^se  of  1 — 1|- 
hours,  and  continue  boiling  half  an  hour  longer,  then 
wash  well. 

98.  AjjpJicatioji  to  Silk. — Up  to  the  present  time, 
aluminium  sulphate  does  not  seem  to  be  generally  used 
in  mordanting  silk,  the  older  and  better-known  alum 
being  employed  instead.  It  is  very  probable,  however, 
that  the  normal  aluminium  sulphate  could  be  substituted 
with  advantage  in  most  cases. 

The  method  to  be  adopted  is  as  follows  : — Wet  out 
the  silk  thoroughly  with  water,  remove  excess,  then  work 
it  about  for  a  little  in  a  strong  solution  of  the  aluminium 
salt,  and  steep  for  several  hours,  or  over-night.  Finally, 
wash  well  with  water,  prefembly  somewhat  calcareous. 

During  the  steeping  process  the  silk  simply  absorbs 
the  solution,  or,  at  any  rate,  the  fixing  of  alumina  takes 
place  only  to  a  slight  extent ;  but  during  the  subsequent 
washing,  the  absorbed  salt  is  more  or  less  completely  dis- 
sociated. This  is  particularly  the  case  when  basic  alumi- 
nium sulphate  has  been  employed,  the  result  being,  that 
a  still  more  basic  and  insoluble  salt  remains  permeating 
the  suostance  of  the  fibre. 

The  wetting  of  the  silk  before  steeping  in  the  mordant 
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solution  is  essential  in  order  to  insure  a  more  rapid  and 
even  absorption  of  the  solution. 

When  the  mordanting  of  the  silk  precedes  the  dyeing 
operation,  the  aluminium  sulphate  bath  can  be  retained 
as  a  permanent  one,  in  which  case  its  concentration 
simply  requii'es  to  be  kept  constant  by  occasionally 
making  further  additions  of  aluminium  sulphate  ;  but 
when  the  bath  must  be  used  between  other  operations, 
it  may  become  necessary  to  throw  away  the  solution 
each  time. 

Silk  mordanted  with  aluminium  sulphate  should  not 
be  allowed  to  dry  while  still  impregnated  with  the  solu- 
tion, otherwise  it  acquires  an  unpleasant  feel,  and  is  diffi- 
cult to  wet  afterwards. 

99.  Alum. — Two  kinds  of  alum  may  be  met  with  in 

commerce,  viz.,  ammonia  alum  ^    a  i      v  (^^4  )4'24:  H2O, 

and  potash  alum  .  ?  |-  (S04)4"24H20.  The  first  con- 
tains 11-9  per  cent.  AI2O3,  the  second  10-83  per  cent. 
Although  they  contain  less  of  this  mordanting  principle 
than  aluminium  sulphate,  they  are  perhaps,  even  now, 
more  largely  used  by  dyers  than  the  latter,  since  they  bear 
the  seal  of  regular  composition  in  their  crystalline  state. 

They  are  prepared  from  aluminous  shale.  This  is 
burnt  or  roasted,  then  dissolved  in  sulphuric  acid,  and 
ammonia  or  potassium  sulphate  is  added  to  the  solution ; 
the  respective  alums  thus  formed  are  separated  from  the 
iron,  which  is  always  present,  by  repeated  crystallisation 
and  washing. 

The  best  qualities  of  alum  are  in  the  form  of  large 
glassy-looking  crystals,  and  are  entirely  free  from  iron. 

By  the  addition  of  caustic  alkali,  alkaline  carbonates, 
ifcc,  to  normal  alum  solutions,  so-called  "neutral"  and 
"  basic  "  alums  are  produced,  which  are  analogous  to  the 
basic  aluminium  sulphates  already  spoken  of,  and  their 
solutions,  when  heated  or  diluted,  are  dissociated  and 
produce  precipitates  in  a  similar  manner.     If  a  solution 


164  DYEING   OF   TEXTILE   FABRICS.  [Chap.  XI. 

of  alum,  rendered  by  addition  of  sodium  carbonate  as 
basic  as  it  can  be  made  without  precipitation,  is  allowed 
to  evaporate  slowly  at  the  ordinary  temperature,  a  crystal- 
line crust  is  deposited,  which  contains  the  basic  salt 
Al4(S04)3(OH)g  and  potassium  sulphate.  If  the  solution 
is  heated  above  40°  C.  a  precipitate  supposed  to  consist  of 

.?  HS04)2  (0H)4  is  produced. 

The  alums  are  applied  as  mordants  to  the  various 
fibres  in  the  same  way  as  aluminium  sulphate. 

100.  Aluminium  Acetates. — A  solution  of  normal 
aluminium  acetate  Al2(C2H30j)6  may  be  prepared 
either  by  dissolving  aluminium  hydrate  in  acetic  acid,  or 
by  adding  a  solution  of  lead  acetate  to  a  solution  of 
normal  aluminium  sulphate,  in  the  proportions  indicated 
by  the  following  equation  : — 

[AI2  (S04)3-18H20]  +  3[Pb(C,H30.)2-3H20]  =  AL  (aH302)6  + 
Alumiuium  sulphate.  Lead  acetate.  Aluminium  acetate. 

-f  3PbS04  +-27H.30 
Lead  Water, 

sulphate. 

On  carefully  evaporating  a  solution  of  the  normal 
acetate  (which  always  smells  of  acetic  acid),  to  dryness 
at  a  low  temperature,  a  gummy  mass  having  the  com- 
position Al2(CoH302)4(OH)3  is  obtained.  This  does  not 
smell  of  acetic  acid,  and  it  has  hence  been  considered 
by  Crum  as  the  normal  salt,  and  that  in  the  solution  there 
is  free  acetic  acid  present. 

By  adding  to  a  solution  of  the  normal  salt  increasing 
amounts  of  an  alkaline  carbonate,  solutions  of  various 
basic  aluminium  acetates  are  formed,  as  shown  by  the 
following  equations  : — 

Al2(C2H302)6     +      NaHCOg      =      Al2(C2H30o)5(OH)      + 
Normal  Monosodium  Basic 

alumiuium  acetate.  carhonate.  aluminium  acetate. 

+  Na(C2H302)  +  CO2 
Sodium  Carbonic 

acetate.  acid. 
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Alo(aH303)s     +     2NaHC03     =      Al2(C2H302)4(OH)2    + 

Basic  aluminium  acetate. 

-h  2Na(C2H302)  +  2CO2 

Al2(CoH302)6     +     SNaHCOg     =      Al2(C2H30o)3(OH)3    + 

Basic  aluminium  acetate. 

-}-  3Na(C2H302)  +  3CO2 
Al2(C2Ho03)6     +     4NaHC03     =      Al2(C2H302)2(OH)4    + 

Basic  aluminium  acetate. 
+  4Na(C2H302)  +  4CO2 

Solutions  of  these  various  basic  acetates  containing 
sodium  acetate  are  precipitated  on  heating,  and  the  more 
basic  they  are  the  lower  is  the  temperature  at  which  dis- 
sociation (precipitation)  takes  place,  but,  strange  to  say, 
the  more  dilute  the  solution  the  higher  the  temperature  of 
dissociation.  By  mere  dilution  with  water  they  are  not 
precipitated.     (Liechti  and  Suida.) 

Solutions  of  freshly  prepared  pure  normal  aluminium 
acetate  (equivalent  to  200  grams  per  litre  of  the  normal 
sulphate)  are  not  precipitated  either  by  heating  or  by 
dilution,  but  on  standing  for  a  length  of  time,  they  de- 
compose spontaneously  with  deposition  of  alumina,  es- 
pecially, it  is  said,  when  exposed  to  light. 

Solutions  of  all  aluminium  acetates  (normal  and  basic) 
are  precipitated  both  by  heating  and  by  dilution,  if  they 
contain  suljjhates,  e.g.^  K2SO4,  Al2(S04)3,  (fee,  and  this 
is  always  the  case  with  those  basic  acetates  manufactured 
from  aluminium  sulphate  when  a  portion  of  the  lead 
acetate  has  been  replaced  by  alkaline  carbonates,  thus  : — 

Al2(S04)3-18HoO  +  NasCOs  -\-  HoO  +  2[Pb(CoH302)2-3H20]  == 
Aluminium  Disodium  Water.  Lead  acetate, 

sulphate.  carbonate. 

=  Al2(C2H302)4(OH)2  +  Na2S04  +  2PbS04  +  CO2  +  24H2O 
Basic  Sonivim  Lead        Carbonic     Water. 

aluminium  acetate.         sulphate,      sulphate.        acid. 

It  matters  not  whether  the  sodium  carbonate  is  added 
before  or  after  the  lead  acetate,  the  final  result  is  the 
same. 
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It  also  matters  little  at  what  stage  tlie  alkaline  car- 
bonate be  added  for  the  production  of  a  basic  acetate, 
whenever  the  amount  of  lead  acetate  employed  is  suffi- 
cient tx)  precipitate  the  whole  of  the  sulphuric  acid  of  the 
aluminium  sulphate,  but  in  this  case  there  is  not  alkali 
sidphate,  but  always  acetate  in  the  solution,  thus  : — 

Al2(S04)3-18H.-;0      +     Xa.,C03     +     3[Pb  (C.^aOoVySHaO]      = 
AlnTniTiinTn  rfeoditun  Lead  acetate. 

saJphate.  carbonate. 

Al2(C2H302)4(OH?2  +  2Xa:C2H302)  +  3PbS04  +  COo  +  27H2O 
Basic  Soii'oin  Lead         Carbonic      Water, 

aluminium  acetate.  acetate.  sulphate.        acid. 

When  a  solution  of  normal  aluminium  acetate  con- 
taining sulphates  is  precipitated  by  heating,  the  pre- 
cipitate re-dissolves  on  cooling,  but  this  does  not  take 
place  with  the  basic  acetates  under  any  circumstances. 
The  precipitate  thus  produced  in  the  presence  of  sulphates 
has  been  considered  by  some  to  be  simply  aluminium 
hydrate,  but  careful  analysis  has  shown  that  it  contains 
a  small  amount  of  sulphuric  acid  ;  in  other  words,  it  is  an 
exceedingly  basic  aluminium  sulphate. 

Experiments  by  Liechti  and  Suida  have  shown  that 
if  cotton  be  impregnated  with  a  solution  of  nonnal 
aluminium  acetate  (equivalent  to  200  grams  of  nonnal 
sulphate  per  litre),  then  dried  at  a  low  temperature, 
about  50  per  cent,  of  the  available  alumina  is  fLxed  on 
the  fibre,  whereas  an  equivalent  solution  of  the  basic  salt 
AL.(CoH.O.),(OH)o  containing  Xa,,SO.  yields,  under  the 
same  conditions,  nearly  the  whole  of  its  alumina  to  the 
fibre. 

Aluminium  acetates  (especially  the  normal  salt)  pre- 
pared by  means  of  lead  acetate,  are  liable  to  contain  a 
cei-tain  amount  of  lead  sulphate,  since  this  is  soluble  in 
aluminium  acetate;  hence,  in  cases  where  such  contami- 
nation would  be  injurious — e.g./vn.  steara-alizarin-reds  for 
calico-printing — the  lead  acetate  may  be  advantageously 
replaced  by  an  equivalent  amount  of  calcium  or  barium 
acetate.     The  solubility  of  lead  sulphate  is  lessened,  how- 
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ever,  by  the  presence  of  soluble  sulphates,  so  that  where 
a  large  excess  of  aluminium  sulphate  is  present  through 
a  limited  use  of  lead  acetate,  only  traces  of  lead  sulphate 
are  found  in  the  solution,  and  solutions  of  basic  acetates, 
in  the  preparation  of  which  a  suitable  amount  of  sodium 
carbonate  has  replaced  some  of  the  lead  acetate,  may  be 
entirely  free  from  lead. 

101.  Aluminium  Sulphate-Acetates.  —  It  has  long 
been  known  that  there  is  no  practical  advantage  in 
emplo}T.ng  an  amount  of  lead  acetate  sufficient  to  decom- 
pose the  whole  of  the  aluminium  sulphate.  D.  Kochlin 
explains  this  by  stating  that  the  real  mordanting  body 
fixed  on  the  fibre  is  not  necessarily  pure  aluminium 
hydrate,  but  may  be,  and  in  most  cases  probably  is, 
an  insoluble  basic  aluminium  sulphate.  He  finds  it  pos- 
sible, indeed,  to  prepare  an  excellent  mordanting  solution 
by  dissolving  insoluble  basic  aluminium  sulphate  in  warm 
acetic  acid.  A  precipitate  of  the  necessary  basic  sulphate 
is  obtained  by  carefully  neutralising  a  solution  of  alum 
with  sodium  carbonate  until  the  precipitate  at  first 
formed  just  ceases  to  re-dissolve,  and  then  boiling  the 
solution. 

D.  Kcichlin's  solution  and  those  prepared  from 
aluminium  sulphate  by  using  a  deficiency  of  lead  acetate, 
contain  so-called  aluminium  sulphate  acetates.  Their  mode 
of  formation  is  illustrated  by  the  following  equations  ; — 

Al2(S04)3-l8H20  -f  2[Pb(C2H30o)2'3HoO]  = 
Aluxainiuin  Lead  acetate, 

suphate. 

=  Al2S04(C,H302)4  +  2PbS04  +  24H2O 
Aluminium  Lead  Water, 

gulphate-acetate.         sulphate. 


2[Al2(S04)3-lSH20]  -f  3[Pb(aH30,)2-3H20]  +  2XaHC03  = 

Monosodiuin 
carlxjuate. 

=  2[Al.-,SO/,CoH30o)30H]  -f  BPbSO^  -f  XaoSO^  -f  2C0o  -\-  45H.O 
Basic  aluminium  Lead  Sodium     Carbonic     Water, 

sulphate-acetate.  sulphate.      stilphate.       acid. 
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AL,(S04)3-18H,0  +  Pb(C.H302)2-3H20  +  2XaHC03  = 

=  Al2S04(C2H30o)2(OH)2  +  PbS04  +  Xa-^SOi  +  2CO2  +  2lHoO 
Basic  aluminium 
sulphate-acetate . 

AlaCSOJa-lSHgO  +  C2H^02  +  4XaHC03  = 
Acetic  acid. 

=  Al2S04(C2H30o)(OH)3  +  2Xa2S04  +  4COo  +  19K.0 

Basic  aluminium 
sulphate-acetate. 

Experiments  by  Liechti  and  Siiida  have  shown  that 
increase  of  basicity  in  the  ahiminiiim  sulphate-acetates 
lowei's  theii'  dissociation  j^oint,  both  on  lieating  and  dilut- 
ing with  water,  i.e.,  the  sensibility  of  their  solutions  is 
increased.  In  all  cases,  the  precipitate  produced  by 
heating  is  gelatinous,  and  if  the  sulphate-acetate  is  not 
more  basic  than  AloS04(C2H^02)3(OH),  the  precipitate  is 
almost  entirely  re-dissolved  on  cooling. 

The  aluminium  sulphate-acetates  yield  nearly  the 
whole  of  their  alumina  to  the  cotton  fibre  during  im- 
pregnation and  di'ying,  and  act,  therefore,  lq  this  respect 
much  stronger  than  the  aluminium  sulphates,  and  about  the 
same  as  the  basic  aluminium  acetate  Al,(C2H30o)4(OH)<>. 

The  technical  name  given  to  solutions  of  the  various 
aluminium  acetates  and  sulphate-acetates  used  in  practice, 
is  red  liquor,  because  they  ai*e  universally  employed 
by  the  calico-printer  and  cotton-dyer  as  the  mordant  for 
producing  alizarin  reds. 

Considerable  licence  is  apparently  taken  in  pi'^ctice  in 
the  manufacture  of  "  red  liquors  "  requii'ed  for  different 
purposes  and  styles  of  work,  both  with  regard  to  the 
particular  ingi-edients  used,  and  their  relative  proportions. 
Apart  from  the  fact  that  their  real  value  is  determined 
by  practical  results,  the  above  considei-ations  show  that 
numerous  variations  in  composition  are  j^ossible,  which 
cause  them  to  behave  ^ery  differently. 

The  following  may  be  taken  as  representative  of  the 
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innumerable  recipes    adopted    in    tlie    manufacture    of 
various  red  liquors  : — 

gms.  gms.  gms.  gms.  gms.  gms.  gms,  gms.  gms.  gins. 

Water     .        .        .    250     300     400     200     400     403  400  495      —  — 

Alum       .        .        .    100     100     100     lOJ     100     KjO  —  —       —  100 

Aluminium  sulphate  —       —       —       —       —       —  120  120       68  — 

Lead  acetate  .        .    100       75       66-6    80       90     100  100  122-5    —  — 

Sodium  carbonate )     ^o       10       10      -       -       -  _  -      _  - 

cryst.    (10    aq.)  ) 

Chalk     ..._       —       —       —       —       —  8-5  7-9     8  6 
Calcitim    acetate") 

24°Tw.(Sp.Gr.  ^    ______  _  —     252  280 

1-12)    .        .       ) 

The  red  liquors  of  commerce  are  prepared  by  the 
double  decomposition  of  normal  aluminium  sulphate 
and  commercial  acetate  of  lime.  The  so-called  common 
red  liquor  contains  a  certain  proportion  of  undecomposed 
aluminium  sulphate,  and  is  a  crude  sulphate-acetate,  while 
in  that  known  as  tin  red  liquor,  the  decomposition  has 
been  made  as  complete  as  possible,  so  that  it  represents 
a  crude  normal  aluminium  acetate.  These  red  liquors 
always  possess  a  brownish  appearance,  from  the  presence 
of  empyreumatic  matter. 

Application  of  the  Aluminium  Acetates  and 
Sulphate- Acetates  to  the  several  Fibres. 

102.  Ajoplication  to  Cotton. — These  are  the  alumi- 
nium mordants  p)ar  excellence  of  the  calico-printer. 
Their  solutions  are  suitably  thickened  by  means  of  flour, 
starch,  or  dextrin,  and  printed  upon  the  calico  and 
dried.  Excessive  heat  in  the  drjdng  must  be  carefully 
avoided  {e.g.,  by  substituting  hot  plates,  hot  air,  (tc,  for 
steam-heated  cylinders),  especially  in  the  case  of  those 
mordants  which  are  most  readily  dissociated  (basic  salts), 
otherwise  poor  and  irregular  colours  are  subsequently 
obtained.  When  this  happens,  it  is  said  that  the  printed 
mordants  have  been  "  bui'iied"  ;  the  mordant  fixed  upon 
the  fibre  has  probably  been  dehydrated,  or  has  undergone 
some  physical  change,  which  renders  it  less  capable  of 
attracting  colouring  matter  in  the  subsequent  dye- 
bath. 
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After  "printing"  and  "  drying  "  follows  the  so-called 
"  ageing  "  process,  which  consists  in  exposing  the  printed 
goods  in  a  more  or  less  open  or  loose  condition  to  an 
atmosphere  of  suitable  temperature  and  hygroscopic 
state.  The  process  has  been  made  continuous  by  using 
the  so-called  "  ageing  machine,"  which  is  in  reality  a 
large  chamber  specially  heated  to  32 '^ — 38°  C,  and  into 
which  steam  is  admitted,  so  that  a  wet-bulb  thermometer 
registers  4° — 6°  G.  lower.  The  printed  calico  is  drawn 
through  this  chamber,  under  and  over  a  system  of  hori- 
zontal rollers  situated  at  the  top  and  bottom,  at  such  a  rate 
that  the  calico  is  exposed  to  the  moist  warm  atmosphere 
for  about  twenty  to  thirty  minutes.  During  this  operation 
the  starch,  or  other  thickening,  is  more  or  less  softened 
by  the  moisture,  and  the  mordant  permeates  the  fibres 
more  thoroughly  ;  large  quantities  of  acetic  acid  are  driven 
off,  and  a  considerable  amount  of  insoluble  basic  salt  is 
fixed  upon  the  cotton.  Immediately  on  leaving  this 
chamber  the  pieces  are  rolled  up  into  loose  bundles,  and 
are  allowed  to  remain  for  some  time  (twenty-four  to 
forty-eight  hours)  in  a  warm  room  (32 '^  C,  dry  bulb, 
28°  C,  wet  bulb)  for  the  completion  of  the  ageing 
process. 

The  next  operation  is  that  of  "  cleansing,"  or 
"  dunging,"  in  which  the  pieces  are  passed  in  the  open 
width,  for  two  minutes,  through  hot  solutions  con- 
taining one  or  more  of  the  following  ingredients  :  cow- 
dung,  arsenate  of  soda,  phosphate  of  soda,  silicate  of 
soda,  chalk,  ttc. 

The  object  of  this  cleansing  operation  is  threefold  : 
first,  to  fix  more  completely  on  the  fibre  that  portion  of 
the  mordant  which  has  escaped  the  action  of  the  ageing 
process;  secondly,  to  prevent  the  unprinted  (unmordanted) 
portions  of  the  cloth  from  becoming  mordanted,  and  thus 
subsequently  soiled,  by  reason  of  soluble  mordant 
coming  ofl"  the  printed  parts;  and,  lastly,  to  remove 
the  thickening.  The  last  object  is  more  thorouglily 
attained  by  repeating  the  cleansing  operation,  but  this 
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time  submitting  the  calico  in  the  chain  form  to  an 
intermittent  and  protracted  process  of  squeezing  between 
rollers.  The  most  eflfectual  method,  however,  of  removing 
the  thickening  is  to  steep  the  cloth  for  an  hour  or  two 
in  an  infusion  of  bran,  the  diastase  ferment  of  which  soon 
changes  the  insoluble  starch  into  soluble  glucose.  After 
a  thorough  washing,  the  printed  (mordanted)  cloth  is 
ready  for  dyeing. 

Aluminium  acetates  are  largely  used  in  many  of  the 
so-called  steam-colours  of  the  calico-printers,  e.g.^  steam- 
alizarin  -  reds,  &c.  In  the  "colour,"  or  thickened 
j)rinting  mixture,  the  aluminium  acetate  is  merely  me- 
chanically mixed  with  the  alizarin  or  other  colouring 
matter ;  but  when  the  printed  material  is  subjected  to 
the  action  of  steam,  decomposition  of  the  mordant,  its 
combination  with  the  colouring  matter,  and  the  fixing  on 
the  fibre  of  the  coloured  compound  produced,  all  take 
place  simultaneously. 

Experiment  has  shown  that  a  pure  aluminium  acetate 
does  not  give  such  full  rich  colours  as  when  a  portion  of 
the  acetic  acid  is  replaced  by  sulphuric,  nitric^  hydro- 
chloric or  hydrothiocyanic  acid. 

An  aluminium  sulphate-acetate  represented  by  the 
formula  Al2(S04)(C2H30o)3(OH)  seems  to  give  the  best 
results. 

Aluminium  acetates,  ttc,  are  also  frequently  used  by 
the  Turkey -red  dyer  to  replace  entirely,  or  in  part  only, 
the  basic  aluminium  sulphates.  No  difference  is  made 
in  the  method  of  fixing  from  that  usually  adopted. 

By  the  ordinary  cotton-dyer  these  mordants  are 
comparatively  little  employed,  since,  in  the  general 
method  adopted  of  fixing  by  precipitation,  they  possess 
no  advantage  over  the  basic  sulphates,  and  are  more 
costly. 

Sometimes  they  are  used  in  conjunction  with  certain 
aniline  colours.  The  cotton  is  worked  in  the  colour 
solution,  containing  a  certain  proportion  of  aluminium 
acetate.     During  the  gradual  raising  of  the  temperature 
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of  the  bath,  alumina  is  precipitated  upon  the  fibre,  and 
di'ags  down  along  with  it  some  colouring  matter.  The 
method  does  not  yield  fast  dyes,  and  is  in  most  cases 
ii'rational. 

103.  Application  to  Wool. — The  aluminium  acetates 
find  no  use  in  the  mordanting  of  wool ;  they  are  too 
sensitive,  and,  consequently,  deposit  the  mordant .  too 
much  upon  the  surface  of  the  fibre,  making  the  wool 
harsh,  and  giving  uneven  colours. 

104.  Application  to  sSilk. — The  aluminium  acetates 
are  little  used  in  mordanting  silk,  except  in  printing. 

105.  Aluminium  Thiocyanate  (Sulphocyanide).  — 
This  mordant  is  of  comparatively  recent  introduction. 

It  is  prepared  by  the  double  decomposition  of  alumi- 
nium sulphate,  with  barium  or  calcium  thiocyanate, 

Al2(SOJs-18H.O-l-3[Ba(CXS\-2H..O]  =  Ai,(CXS)6  -i-  SBaSO^ 

Almnmium  Barinm  Aliimininiu        Barium 

sulphate.  thiocyanate.  thiocranate.       sulphate. 

+  24H..O 
Water. 

Laulier  and  Hausmann  give  the  following  method  of 
prepai'ation  :  Dissohe  five  kilogi'ams  of  aluminium  sul- 
phate in  five  liti^s  of  boiling  water,  add  250  gi^ms  of 
chalk,  and  then  eleven  and  a  half  litres  of  crude  cal- 
cium thiocyanate  solution,  30^  Tw.  (Sp.  Gr.  1"15),  and 
stir  well;  let  settle,  filter,  and  use  the  clear  solution. 
It  can  be  concentrated  by  boiling  down,  ad  libitum,  if 
necessary,  since  it  is  not  decomposed  in  this  manner. 
Solutions  of  basic  thiocyanates  may  be  prepared  by 
adding  varying  amoimts  of  an  alkiiline  carbonate  to 
solutions  of  the  normal  salt.  Solutions  of  the  following 
have  been  prepared  bv  Liechti  and  Suida :  Alo(CXS).(OH), 
Al2(CXS),(0H).3  AL,(CXS),(0H)3,  AL.(CXS),(OH),. 

With  the  exception  of  the  fii-st,  solutions  of  all 
these  basic  salts  precipitate  on  boiling,  and  increase  of 
basicity  renders  the  decomposition  more  complete.  IvTone 
are  dissociated  by  merely  diluting  water. 
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Normal  alummmm  thiocyanate  has  hitherto  ^  only 
found  use  with  the  calico-printer  for  the  production  of 
steam  alizarin  reds.  Its  gi'eat  advantage  is,  that  not 
being  an  acid  mordant  (like  the  acetates  which  it 
replaces),  it  does  not  attack  the  steel  "doctors";  the 
printing-colour  remains,  therefore,  free  from  iron,  and 
the  ultimate  colour  is  more  certain  of  being  clear  and 
bright.  Its  high  price  has  prevented  it  from  being  adopted 
in  mordanting  wool.  It  is,  however,  capable  of  giving  good 
results.  The  wool  simply  requires  to  be  introduced 
into  a  cold  solution  of  the  thiocyanate,  which  is  then 
gradually  heated  to  the  boiling  point  in  the  course  of 
1 — IJ  hours.  .   . 

There  are  no  records  of  the  employment  of  aluminium 

thiocyanate  for  silk. 

106.  Aluminium  Chloride.— The  normal  salt,  Al.Cle, 
may  be  prepared  by  the  double  decomposition  of  barium- 
or  calcium-chloride  and  aluminium  sulphate,  or  by  dis- 
solving aluminium  hydrate  in  hydrochloric  acid.  Solu- 
tions of  basic  salts  may  be  prepared  by  adding  the  requi- 
site amount  of  alkaline  carbonate  to  a  solution  of  the 
normal  salt. 

The  following  basic  salts  have  been  prepared  in  solu- 
tion :  Al,Cl5(0H),  A1,C1,(0H)„  Am3(OH)3,  ALC1,(0H),. 
None  of  these  mordants  are  precipitated,  either  by 
heating  or  by  diluting  with  water. 

The  first  two  of  the  above  basic  salts  may  also  be 
made  by  dissolving  aluminium  hydrate  in  a  hot  solution  of 
the  normal  salt,  but  if  more  A1,(0H),  be  added— e.^.,  suffi- 
cient to  form  thebasicsalt  Al,Clo(0H)4— not  only  does  it 
not  dissolve,  but  the  precipitate  increases,  and  the  filtered 
solution  contains  equal  molecules  of  the  normal  salt  and  of 
hydrochloric  acid.  It  would  appear  as  if  the  nascent 
ALClo(OH)i  had  decomposed,  according  to  the  following 
equation  : — 

7Al2Clo(OH)4  -f  2H2O  =5  Al2(0H)e  -f  2Alfl,  +  2  HCl 
BasiAlurainium  AlumiBium       Almmmum  Hy^ochlonc 

chloride.  hydrate.  chloride.  acid. 
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An  aluminium  chloi'ide-acetate,  Al2Cl2(CoH302)4,  may 
be  prepared  according  to  the  following  equation  : 

Al3(S04)3-18H20+2[Pb(aH302)2-3HoO]+BaCl2=Al2Clo(C2H302)4 
Aluminiura  Leal  "         Barium  A.luminium 

sulphate.  acetate.  chloride,     chloride-acetate. 

+BaS04+2PbS04+24H20 
Barium       Lead  Water, 

sulphate,  sulphate. 

This  mordant  dissociates  neither  on  heating  nor  on 
diluting  with  water,  and  yields  to  the  cotton  fibre,  by 
steeping  and  drying,  a  remarkably  low  percentage  of 
alumina,  yet  it  is  said  to  give  excellent  results  in  steam- 
alizarin-reds  (calico-printing). 

The  aluminium  chlorides  are  seldom  used  as  mor- 
dants. 

107.  Aluminium  Nitrate. — The  normal  salt  Al2(N03)g 
is  prepared  by  the  double  decomposition  of  aluminium 
sulphate  and  lead  nitrate,  or  by  dissolving  the  requisite 
amount  of  aluminium  hydrate  in  nitric  acid.  Basic 
mordants  are  prepared  by  adding  an  alkaline  carbonate 
to  a  solution  of  the  normal  salt.  None  of  these  are 
dissociated,  either  by  heating  or  by  diluting  with  water. 

Aluminium  nitrate  is  not  much  employed  as  a  mor- 
dant. It  finds  a  limited  use  in  the  production  of  yellow 
shades  of  steam  -  alizarin  -  reds,  and  some  other  steam 
colours. 

In  mordanting  wool  or  silk  it  is  not  used. 

108.  Aluminium  Oxalate  and  Tartrate. — These 
mordants  may  be  prepared  by  dissolving  aluminium 
hydrate  in  the  respective  acids.  As  such,  they  find  only 
a  limited  use  in  certain  steam  colours  of  the  calico- 
printer. 

Although  not  used  directly  in  mordanting  wool,  it  is 
very  probable  that  whenever  potassium  hydrogen  tartrate 
(cream  of  tartar)  is  used  along  with  aluminium  sulphate, 
there  is  produced  aluminium  tartrate,  which  may  be 
considered  as  the  real  mordanting  salt. 

In  mordanting  silk  these  salts  are  not  used. 
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109.  Aluminium  Thiosulphate  (Hyposulphite). — 
This  mordant  may  be  prepared  by  the  double  decompo- 
sition of  aluminium  sulphate  and  calcium  thiosulphate 
(CaSoOg).  Its  use  was  proposed  long  ago  by  Kopp,  who 
claimed  for  it  the  following  advantages,  that  it  was 
cheaper  than  aluminium  acetate,  gave  fuller  colours,  fixed 
alumina  on  the  fibre  better,  and  prevented  the  fixing  of 
iron,  i.e.,  prevented  its  oxidation.  Although  capable  of 
being  used  instead  of  aluminium  acetate  for  dyed-alizarin- 
reds  by  the  calico-printer,  its  employment  has  scarcely 
passed  the  experimental  stage.  Quite  recently,  liowever, 
a  solution  containing  alum  and  sodium  thiosulphate  has 
been  proposed  for  mordanting  silk  previous  to  dyeing 
with  Alizarin,  Alizarin  Blue,  Ccerulem,  &c.,  and  it  is  said 
to  have  yielded  good  results  on  the  large  scale. 

110.  Aluminate  of  Soda  (AloNaoO^). — This  mordant, 
also  called  "  alkaline-pink  mordant,"  is  best  prepared  by 
dissolving  aluminium  hydrate  in  caustic  soda  to  the 
point  of  saturation.  Another  method  is  to  add  caustic 
potash  to  a  hot  solution  of  aluminium  sulphate,  until  the 
precipitate  at  first  formed  is  exactly  re-dissolved  ;  on  cool- 
ing, most  of  the  potassium  sulphate  crystallises  out;  Ox 
heat  together,  for  example,  350  grams  of  aluminium  sul- 
phate and  1  litre  of  caustic  potash,  54°  T\v.  (Sp.  Gr.  1-27), 
and  cool,  in  order  to  allow  the  potassium  sulphate  to 
crystallise  out.  The  solution  thus  obtained  stands  at  30° 
to  36°  Tw.  (Sp.  Gr.  M5— M8).  Slight  excess  of  alkali 
renders  the  solution  more  stable,  and  is  not  injurious. 

This  mordant  finds  only  a  very  limited  use  in  calico- 
printing.     It  is  thickened  with  dextrin. 

Its  advantages  are  that  it  is  not  liable  either  to  yield 
bad  colours  through  being  dried  on  the  fibre  at  too  high 
>   a  temperature,  or  to  contract  iron  stains.    Its  chief  defect 
is  that  it  cannot  be  associated  with  acid  mordants. 

After  printing  and  drying,  the  alumina  is  fixed  on 
the  fibre  by  mere  exposure  to  the  atmospheric  carbonic 
acid,  or  by  passing  the  printed  cloth,  for  two  minutes, 
through    a   solution    of    ammonium    chloride    10°    Tw. 
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(Sp.  Gt.  I'Oo),  heated  to  50* — 60°  C.  Excessive  accu- 
mulation of  ammonia  in  the  bath  should  be  avoided, 
since  it  is  apt  to  dissolve  some  of  the  alumina  from  the 
doth. 

Zinc   sulphate   or  chloride  may  replace  ammonium 
chloride  for  fixing  purposes,  but  it  possesses  no  advan- 


Aluminate  of  soda,  owing  to  its  alkalinity,  is  not  used 
as  a  mordant  for  wool  and  silk. 

mas  MORDASTBL 

These  are  scarcely  less  important  than  the  aluminium 
mordants,  being  used  for  all  fibres ;  they  may  also  claim 
equal  antiquity.  Unlike  the  aluminitun  mordants,  those 
of  iron  may  occur  in  two  states  of  oxidation,  namely,  as 
/errous  and  as  ferric  salts. 

m.  Ferrous  Snlphate  (FeSO^-THjOj.— This  mor- 
dant is  also  known  as  ^reen  vitriol  or  copperag.  It 
is  largely  prepared  by  dissolving  scrap-iron  in  dilute 
sulphuric  acid,  and  allowing  the  solution  to  crystallise ; 
also  by  the  natural  oxidation  of  iron  pvrites,  and  as  a 
by-product  in  the  manufacture  of  alum  and  copper 
sulphate.  When  exposed  to  the  air,  the  pale-green 
ci^^tals  gradually  become  coated  with  brown,  insoluble, 
basic  ferric  sulphate.  Large  crystals  are  apt  to  enclose 
mechanically  some  of  the  acid  mother-liquor.  The 
presence  of  copper  and  alumina  is  to  be  avoided. 

A  solution  of  ferrous  sulphate  is  not  precipitated 
either  by  heating  or  by  diluting  with  water,  if  access  of 
ail-  be  prevented. 

AppIicaHon  of  Ferrous  Sulphate  to  the  various  Textile 

Fibres. 

112.  Application  to  Cotton.  —  The  employment  of 
ferrous  .sulphate,  as  such,  in  mordanting  cotton  is  some- 
what limited.  When  used,  it  is  generally  applied  as 
a  "saddening"  agent,  Le.,  after  the  application  of  the 
colouring  matter,   in  which  case  it  forms  a  lake  with 
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whatever  colourmg  matter  the  cotton  has  absorbed. 
After  boiling  the  cotton  with  a  decoction  of  the  colouring 
matter,  excess  of  the  liquor  is  wrung  out,  and  the  cotton  is 
then  worked  in  a  cold  solution  of  ferrous  sulphate.  The 
process  may  be  repeated.  This  mode  of  procedure  is 
somewhat  irrational,  because  the  amount  of  colouring 
matter  which  unmordanted  cotton  absorbs  is,  as  a  rule, 
very  small;  hence  the  method  is  suitable  only  for  very 
pale  shades. 

A  better  method  of  employing  this  mordant  is  to  im- 
pregnate the  cotton  with  tannin  matter,  and  afterwards 
steep  it  in  a  solution  of  ferrous  sulphate,  but  for  tliis 
mode  of  dyeing  the  ferric  salt  is  preferable. 

Ferrous  sulphate  is  used  for  the  production  of  iron 
buffs  on  cotton  in  the  same  manner  as  ferric  nitrate  [see 
p.  191).  It  is  also  used  for  saddening  or  darkening  the 
colours  yielded  by  certain  coal-tar  colouring  matters 
which  have  been  fixed  by  means  of  tannic  acid. 

113.  A  Implication  to  Wool. — Ferrous  sulphate  is  still 
used  as  a  mordant  in  wool  dyeing,  but  it  has 
been  very  largely  displaced  by  j^otassium  dichromate. 
Although  it  is  quite  possible  to  mordant  wool  by  boiling 
it  with  a  mixture  of  ferrous  sulphate  and  cream  of 
tartar  in  suitable  relative  proportions,  good  bright  colours 
are  obtained  only  when  a  somewhat  large  amount  of 
"  tartar "  is  used,  so  that  this  method  becomes  costly. 
There  is  also  the  danger  that  the  wool  will  be  unevenly 
mordanted,  unless  great  care  is  taken  to  raise  the  tempera- 
ture of  the  mordanting  bath  very  gradually  to  the  boiling 
point.  Without  the  addition  of  "  tartar,"  the  wool 
acquires  a  deep  reddish-brown  colour,  through  precipita- 
tion of  ferric  oxide,  or  a  basic  sulphate ;  ivith  the  addition, 
the  wool  acquires  a  pale  yellowish  colour. 

The  most  generally  adopted  method  of  applying 
ferrous  sulphate  is,  first  to  boil  the  wool  with  a  decoction 
of  the  colouring  matter  until  a  sutficient  amount  has 
been  absorbed,  and  then  to  add  ferrous  sulphate  to  uhe 
8ame  bath,  in  the  proportion  of  5 — 8  per  cent,  of  the 
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weight  of  woo],  and  to  continue  the  boiling  for  half  an 
hour  or  so  longer  (saddening). 

With  some  colouring  matters — e.g.^  Camwood  and 
Catechu — the  boiling  with  feri'ous  sulphate  is  best  per- 
formed in  a  separate  bath. 

114.  Application  to  Silk. — FeiTous  sulphate,  as  such, 
is  not  much  used  in  mordantinor  silk.  In  the  d veins:  of 
English  black  {noir  Anglais)^  the  silk  is  mordanted  by 
working  it  at  60^  C.  in  a  bath  containing  a  solution  of 
50  per  cent.  Loswood,  50  per  cent.  Old  Fustic,  5 — 6  per 
cent,  ferrous  sulphate,  and  2 — 3  per  cent,  acetate  of 
copper.  It  is  afterwards  dyed  in  a  bath  of  Logwood  and 
soap.     (.S'ff  also  p.  333.) 

115.  Ferrous  Acetate. — Tliis  mordant  may  be  pre- 
pared by  the  double  decomposition  of  ferrous  sulphate 
and  lead  or  calcium  acetate.  The  solution  thus  obtained 
does  not  keep  well;  it  rapidly  becomes  oxidised,  basic 
ferric  acetate  being  deposited- 

FeSOi  +  CalCJEsOa).  =  Fe^C,H.0o)2  +  CaS04. 
FeiTOtis  Calciam  Ferrous  Calcium 

sulphate.  acetate.  acetate.  sulphate. 

A  much  more  generally  useful  mordant,  and  one 
which  is  manufactured  on  an  extensive  scale,  is  the 
so-caX\.edi  jyyrol ignite  of  iron^  iron  liquor,  or  hlcuck  liquor. 

It  is  prepared  by  saturating  crude  acetic  acid, 
4° — 8°  Tw.  ^Sp.  Gr.  1-02 — 104),  (pyroligneous  acid),  with 
iron  turnings,  until  the  dark  oKve  liquid  stands  at  about 
20' Tw.  (Sp.  Gr.  1"1.);  sometimes  it  is  concentrated  to 
30'  Tw. 

This  mordant  is  generally  understood  to  be  a  crude 
ferrous  acetate,  containing  a  certain  amount  of  tany 
matter,  which  prevents  it  from  oxidising  rapidly. 
According  to  Moyret,  however,  it  is  a  mixture  of  the 
ferrous  salt  with  a  salt  of  Fe^O^  (magnetic  oxide),  and  he 
considers  that  to  the  presence  of  this  latter  its  good 
qualities  are  due. 

Moyret  further  maintains  that  it  does  not  necessarily 
contain  tarry  matter,  but  pyrocatechin,  C6lI^(OHj2,  the 
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iron  salt  of  which  is  dark  green,  and  he  attributes  the 
slowness  of  oxidation  of  the  mordant  to  the  presence  of 
this  reducing  agrent. 

116.  Application  to  Cotton. — Pyrolignite  of  iron  is 
the  iron  mordant  most  largely  used  by  the  calico-printer 
for  dyeing  blacks,  purples,  chocolates,  &c. 

The  mode  of  fixing  by  "ageing  "  and  "  cleansing  "  is 
identical  with  that  employed  with  the  aluminium  acetates 
{see  p.  169).  To  obtain  the  best  results,  the  mordant 
must  be  applied  to  the  calico  as  much  as  possible  in  the 
ferrous  state. 

During  the  ageing  process,  a  variable  proportion  of 
acetic  acid  escapes,  but  it  is  accompanied  by  oxidation 
of  the  remaining  compound,  and  care  must  be  taken 
that  this  latter  does  not  proceed  too  rapidly  or  continue 
too  long.  If  the  oxidation  were  effected  rapidly — 
e.g.,  by  steaming,  or  by  passing  through  solutions  of 
potassium  dichromate.  or  bleach  in  g-powder — the  results 
would  be  unsatisfactory.  According  to  Schlumberger, 
the  normal  state  of  oxidation  for  gooa  results  is  that 
intermediate  between  ferrous  and  ferric  oxide.  Various 
additions  have  been  made  to  this  iron  mordant,  with  a 
view  to  retard  and  render  incomplete,  or  to  make  more 
regular,  its  oxidation  during  "  ageing "  ;  that  which  has 
found  most  favour  is  arsenious  acid,  either  dissolved  in  a 
mixture  of  acetic  acid  and  common  salt  or  ammonium 
chloride,  or  in  the  form  of  sodium  arsenite.  Since  glyce- 
rine acts  in  the  same  way,  a  solution  of  arsenious  acid  in 
glycerine  would  probably  be  an  excellent  addition.  Such 
solutions  have  received  the  name  of  "  purple  fixing 
liquors,"  or  simply  "  fixing  liquors,"  since  they  are  almost 
invariably  mixed  with  the  mordant  by  the  calico-printer 
for  the  production  of  dyed  alizarin-purples. 

Iron  liquor  at  about  6°  Tw.  (Sp.  Gr.  1  -03),  properly 
applied  to  calico  gives  a  black  on  dyeing  with  Alizarin  ; 
from  4°  Tw.  (Sp.  Gr.  1-02)  downwards  to  a  very  diluted 
state,  it  yields  various  shades  of  purple  or  lilac ;  mixed 
with  red  liquor,  and  dyed  subsequently  with  Garancina 
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or  Alizarin,  with  the  addition  of  Sumax^h  and  Quercitron 
Bark,  it  gives  chocolate  colours. 

Pjrolignite  of  iron  is  not  extensively  used  by  the 
general  cotton-dyer,  principally  because  it  is  more  ex- 
pensive than  the  "nitrate  of  iron  "  usually  employed,  and 
because  in  many  cases  it  yields  only  slightly  better 
results. 

It  is  best  applied  by  impregnating  the  cotton  with  a 
solution  of  tannin  matter  of  suitable  concentration ;  after 
removing  excess  of  liquid  by  squeezing,  the  cotton  is 
worked  and  steeped  in  a  cold  solution  of  the  iron  mor- 
dant at  2°— 6°  Tw.  (Sp.  Gr.  1-01— 1-03)  for  one  hour 
or  more,  and  finally  washed.  The  concentration  of  the 
tannin  bath  determines  the  amount  of  iron  fixed  on  the 
cotton.  Since  iron  mordants  are  invariably  used  for  the 
production  of  dark,  dull,  or  sad  colours,  this  method  of 
fixing  them  by  means  of  tannin  tends  to  save  colouring 
matter,  because  the  dark  colour  of  the  tannate  of  iron  is 
added  to  that  of  the  colour  subsequently  imparted. 

117.  Application  to  JJ^ool. — Pyrolignite  of  ii'on  is  not 
employed  in  wool  dyeing,  though  it  might  possibly  be 
used  with  advantage  in  some  cases — e.g.,  in  the  black 
dyeing  of  skin  mats,  «tc. — where  only  low  temperatures  in 
the  baths  are  admissible.  A  mixture  of  ferrous  sul- 
phate and  sodium  acetate  might  be  used  instead  of  the 
pyrolignite. 

118.  AppUcatioJi  to  SilJc. — Pyrolignite  of  iron  is  largely 
employed  in  the  black  dyeing  and  weio:hting  of  raw-silk 
fringes,  (tc. ;  its  application  is  always  preceded  by  a  tannin 
bath.  The  silk  is  first  impregnated  at  40® — 45°  C,  witli 
an  infusion  of  tannin  matter,  100  per  cent,  (preferably 
chestnut  extract),  then  worked  at  50" — 60"  C.  in  a  bath  of 
pyrolignite  of  iron  (Fr.  pied  defer)  12° — 14°  Tw.  (Sp.  Gr. 
1  06 — 1  07),  and  finally  exposed  to  the  air.  These  opera- 
tions may  be  repeated  from  two  to  fifteen  times,  both  to 
give  body  of  colour  and  to  add  weight,  which  latter  may 
vary  from  30  to  400  per  cent,  of  the  weight  of  the  silk. 
The  mordanting  bath  is  maintained  at  the  requisite  degree 
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of  concentration  by  fresh  additions  of  pyrolignite  of  iron  ; 
its  acidity,  which  increases  with  use,  is  neutralised  by 
occasionally  adding  iron  turnings,  and  heating  the  bath 
to  near  the  boiling  point.  Too  frequent  use  of  the  bath 
must  be  avoided,  in  order  to  give  the  added  iron  time  to 
dissolve.     The  scum  produced  in  heating  must  be  removed. 

Pyrolignite  of  iron  gives  a  bluish-black  difficult  to 
obtain  by  using  other  iron  salts.  The  blue  tone  seems 
to  be  acquired  through  oxidation,  and  since  the  rate  at 
which  this  proceeds  depends  upon  many  factors,  the 
colour  is  very  liable  to  be  irregular. 

Although  pyrolignite  of  iron  has  been  employed  in 
the  above  manner  for  boiled-oflf  silk,  it  is  now  entirely 
replaced  for  this,  by  basic  ferric  sulphate  (nitrate  of  iron). 

Sometimes  a  weak  pyrolignite  of  iron  bath  is  em- 
l)loyed  in  black  silk  dyeing,  between  two  catechu  baths, 
in  order  to  alter  the  tone  of  colour. 

119.  Ferrous  Nitrate  and  Ferrous  Chloride  do  not  seem 
to  have  been  generally  adopted  as  mordants.  The  latter 
is  used  under  the  name  of  "  muriate  of  ii'on,"  in  the  pre- 
l)aration  of  a  logwood  black  printing  colour  for  woollens. 

120.  Ferrous  Thiosulphate  (Hyposulphite)  has  been 
recommended  as  a  good  iron  mordant  for  cotton,  but  it 
has  not  been  adopted  in  practice.  It  is  produced  by 
the  double  decomposition  of  ferrous  sulphate  and  calcium 
thiosulphate.  When  dried  on  the  fibre,  it  decomposes 
with  final  production  of  basic  ferric  sulphate. 

121.  Ferric  Sulphate.  "Nitrate  of  iron." — A  solu- 
tion of  normal  ferric  sulphate  Fe,  (S04)3  may  be  prepared 
according  to  the  following  equation  : — 

6FeS04-7H20  +  3H2SO4  +  2HX03  =  3Fe2(S04)3  +  2N0  +  46H2O 
Ferrous  Sulphuric        Nitric  Ferric         Nitrogen      Water, 

sulphate.  acid.  acid,  sulphate,        dioxide. 

The  ferrous  sulphate  is  dissolved  in  water  containing 
the  calculated  amount  of  sulphuric  acid,  the  solution  is 
gently  heated  and  the  necessary  quantity  of  nitric  acid  is 
added  gradually.  If  the  solution  is  sufficiently  concen- 
trated it  may  be  boiled  in  order  to  complete  the  reaction. 
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The  nitric  acid  merelv  acts  as  an  oxidising  agent, 
thus  :- 

2HXO3  =  H2O  +  2X0  +  O3 

hence  the  usual  name  given  to  this  preparation,  "  niti-ate 
of  ii'on,"  is  a  misnomer. 

Bv  adding  an  alkaline  carbonate  to  solutions  of  the 
normal  salt  of  suitable  concentration,  it  is  possible  to  ob- 
tain solutions  of  basic  ferric  sulphates,  e.g.,  Feo(S04)o(0H  )^ 
and  re^(SO,)3(OH)6,  both  of  which,  however,  readily 
decompose  on  standing  for  a  few  hours. 

A  soluble  basic  sulphate  of  greater  stability  is  pre- 
pared by  adding  a  suitable  amount  of  hydrated  ferric 
oxide  to  a  solution  of  the  normal  salt.  It  is,  however, 
more  economical  to  adopt  the  method  described  for  the 
normal  salt,  but  using  only  half  the  amount  of  sulphuric 
acid,  thus  : — 

12reS04-7a,0  +  3H,S04  +  4HXO3  =  3Fe4(S04^5(OH)2  + 

Ferrous     '  Sulphuric  Citric  Bi sic  ferric 

sulphate.  acid.  acid.  sulphate. 

+  86H.O  +  4X0 
Water.      Xitrosren 

dioxide. 

In  making  this  preparation  on  a  small  scale,  it  will 
be  noticed  that  at  Urst,  even  after  the  whole  of  the 
requisite  nitric  acid  has  been  added,  the  solution  has  a  dirty 
olive-brown  colour,  which  is  indicative  of  the  presence  of 
ferrous  salt.  When,  however,  the  boiling  liquid  has 
attained  a  certain  degi'ee  of  concentration,  complete 
oxidation  suddenly  takes  place,  there  is  a  copious  evolu- 
tion of  red  fumes,  and  the  liquid  at  once  assumes  the 
normal  orange  yellow  colour  of  the  ferric  salt  solution. 

This  basic  ferric  sulphate  (Fr.  rouUle)  is  sold  very 
largely  to  black  silk-dyers,  as  a  deep  red  liquid  of  about 
70-— 85°  Tw.  (Sp.  Gr/l-35 — 1-4).  It  is  made  in  large 
covered  stone  vats  pro%'ided  with  a  wide  tube  for  the  dis- 
engagement of  the  nitrous  fumes,  a  small  tube  for  the 
introduction  of  the  acids,  and  a  large   opening  for  intro- 
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ducing  the  ferrous  sulphate,  and  stirring  the  mixture. 
For  every  100  kilos,  of  basic  sulphate  at  84°  Tw. 
(Sp.  Gr.  1*42)  required,  80  kilos,  of  ferrous  sulphate  are 
employed  ;  these  are  put  into  the  vat,  and  a  mixture, 
slightly  diluted  with  water,  containing  10 — 15  per  cent, 
of  nitric  acid  72°  Tw.,  and  6 — 7  per  cent,  of  sulphuric  acid 
168°  Tw.,  is  run  in  gradually.  The  whole  is  well  stirred, 
and  the  reaction  is  allowed  to  proceed  in  the  cold  ;  when 
this  primary  reaction  has  subsided  it  is  completed  by  blow- 
ing in  steam.  The  nitrous  fumes,  which  are  given  oflf  in 
large  quantities,  are  condensed  and  collected.  When  no 
more  are  evolved,  the  reaction  is  complete,  and  the  liquid 
is  transferred  to  large  tanks  to  cool  and  settle. 

It  was  formerly  thought  that  the  presence  of  small 
proportions  of  ferrous  sulphate  and  nitric  acid  were  bene- 
ficial in  the  production  of  the  best  black  on  silk,  but  this 
was  a  mistake.  A  good  sample  of  this  mordant  should  not 
be  precipitated  by  silver  nitrate.  Potassium  ferricyanide 
should,  with  a  dilute  solution,  give  at  most  a  blue  colora- 
tion, but  no  precipitate.  Submitted  to  desiccation  and 
calcining,  it  should  leave  about  17  per  cent,  ferric  oxide. 
It  is  dissociated  by  diluting  with  water,  an  insoluble 
and  still  more  basic  ferric  sulphate  being  precipitated, 
while  a  more  acid  salt  remains  in  solution. 

Since  it  sometimes  happens  that  two  preparations 
having  the  same  chemical  composition  give  different 
results  in  dyeing,  it  is  su])posed  that  there  are  isomeric 
compounds  due  to  the  different  temperatures  at  which 
the  oxidation  may  take  place. 

Great  care  is  required  in  its  manufacture,  since  if  it 
is  too  basic  it  tarnishes  the  lustre  of  the  silk,  and  if  too 
acid  it  does  not  give  up  its  oxide  to  the  fibre  in  sufficient 
quantity. 

122,  Application  to  Cotton. — The  normal  ferric  sul- 
phate is  seldom  used. 

The  above-mentioned  soluble  basic  ferric  sulphate, 
or  even  a  slightly  more  acid  compoimd,  is  used  in  dyeing 
cotton  black.     The  cotton  is  first  impregnated  with  an 
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infusion  of  tannin  matter,  and  either  at  once,  or  after  pass- 
ing through  lime-water,  it  is  worked  and  steeped  for  about 
one  hour  in  a  solution  of  the  mordant,  at  a  strength  of 
2=_4=  Tw.  (Sp.  Gr.  1  01— 1-02).  It  is  finally  washed, 
either  in  water  only,  or  in  such  as  contains  a  small  addi- 
tion of  ground  chalk,  for  the  purpose  of  completing  the 
precipitation  of  basic  salt  on  the  lib  re.  and  to  remove  aU 
acidity.  The  cotton  is  subsequently  dyed  in  a  logwood 
bath. 

In  this  process  the  tannic  acid,  which  is  absorbed  and 
atti*acted  by  the  cotton,  serves  principally  to  fijx  the  iron 
mordant,  although  it  incidentally  produces  a  bluish-black 
colour  by  combining  with  the  ferric  oxide  or  basic  feiTic 
salt.  The  passing  through  lime-water  after  the  tannin 
bath  e^'idently  forms  a  calcium  tannate,  and  the 
decomposition  of  the  ferric  salt  is  thereby  facilitated, 
since  the  lime  combines  with  its  sulphuric  acid.  This 
mordant  may  also  be  used  for  dyeing  iron  bulls  in  the 
same  way  as  ferric  nitrate  (see  p.  191). 

123.  Application  to  Wool. — The  ferric  sulphates  do 
not  appear  to  have  been  utilised  hitherto  in  the  mordant- 
ing of  wool,  although  it  seems  possible  that  they  might 
be  usefid  if  properly  applied 

124.  Application  to  Silk. — The  soluble  basic  ferric 
sulphate  Fe^(S0^)5(0H),  is  the  ii'on  mordant  par  excel- 
lence  of  the  black-silk  dyer. 

In  mordanting  raw  silk,  the  latter  is  first  worked  in 
a  tepid  bath  (40^ — 50'  C.)  of  sodium  carbonate,  washed 
and  well  wiiing  out,  and  then  worked  in  a  cold  solu- 
tion of  the  mordant  at  lo**  Tw.  (Sp.  Gr.  1'075)  for 
^ — 1  hour.  The  silk  is  then  drained,  wrung  out, 
well  washed,  wrung  out  again,  and  worked  for  ah)Out 
half  an  hour  in  a  tepid  (40= — .56-0.)  solution  of  sodium 
carbonate.  It  is  finallv  wrung:  out  and  well  washed. 
These  several  operations  may  be  repeated  three  or  four 
times,  accoi-ding  to  the  colour  and  weight  required 

In  mordanting  boiled-olf  silk,  the  material  is  worked 
for  ^ — 1   hour   in   a    cold    solution  of   the   basic   ferric 
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sulphate  at  about  50*^  Tw.  (Sp.  Gr.  1"25),  excess  of 
liquid  Ls  then  removed  by  squeezing  and  wringing, 
and  the  silk  is  well  washed — first  with  cold  water, 
and  finally  with  tepid  water.  These  operations  may  be 
repeated  as  many  as  seven  or  eight  times,  after  which 
the  silk  is  worked  at  100°  C,  in  an  old  soap-bath,  or 
one  containing  "boiled-off"  liquor,  to  which  about  12 
per  cent,  (of  the  weight  of  silk)  of  olein  soap  and  2  per 
cent,  of  sodium  carbonate  crystals  are  added.  A  final 
washing  completes  the  mordanting  process.  The  iron  and 
soap  baths  are  permanent,  care  being  taken^  by  making 
fresh  additions  of  mordant,  to  maintain  regularly  the 
concentration  of  the  former,  and  to  boil  up  the  latter 
before  mordanting  each  lot  of  silk,  in  order  to  bring 
to  the  surface  and  then  skim  off*  the  iron  soap  which 
has  been  formed  during  a  previous  operation. 

It  is  essential  that  silk  mordanted  in  basic  ferric 
sulphate  should  not  be  allowed  to  dry  in  the  mordanted 
state.  It  should  either  be  left  steeping  in  the  strong 
mordant,  or  left,  after  washing,  well  covered  up  with  wet 
sheets. 

Silk  strongly  impregnated  with  ferric  oxide  is 
gradually  destroyed  on  keeping,  slow  coml:»ustion  or  oxi- 
dation of  the  fibre  being  induced. 

The  theory  relative  to  the  above  methods  of  mordant- 
ing is  as  follows  : — 

In  the  case  of  raw  silk,  where  a  comparatively  weak 
solution  of  the  ferric  sulphate  is  employed,  apart  fiom 
general  absorption  of  the  liquid,  the  silk-gum  itself  causes 
decomposition  and  precipitation  of  an  insoluble  basic 
salt  throughout  its  mass  during  the  steeping  oj)eration. 
The  washing  in  water,  and  rinsing  in  sodium  carbonate, 
complete  the  decomposition,  and  remove  the  necessarily 
liberated  acid  salt. 

In  the  case  of  boiled-off*  silk,  the  fibre  simply  ab- 
sorbs the  liquid  during  the  steeping  in  the  concentrated 
solution  of  mordant,  decomposition  and  precipitation  of 
basic  salt  only  taking  place  during  the  washing  process, 
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which,  of  course,  also  removes  the  acid  salt  formed.  The 
employment  of  water  containing  bicarbonate  of  lime  is 
exceedingly  advantageous  for  the  washing,  since  it 
greatly  facilitates  the  decomposition  of  the  absorbed 
mordant. 

The  boiling  in  soap  solution  is  necessary  to  complete 
the    decomposition   of   the    absorbed   mordant,   and  the 


Fig.  46.—  Squeezing  Machine  used  in  the  Mordanting  of  Silk. 


temperature  employed,  100°  C,  is  said  to  modify  the  pre- 
cipitated ferric  oxide  and  render  it  less  liable  to  dissolve 
in  the  successive  iron  baths. 

According  to  Moyret,  no  iron  soap  is  precipitated  on 
the  silk  in  this  operation. 

Previous  impregnation  of  the  silk  with  tannin  matter 
does  not  tend  to  cause  a  larger  precipitation  of  mordant 
on  the  fibre,  but  rather  the  reverse ;  indeed,  the  silk  loses 
weight  through  the  oxidation  and  destruction  of  the 
absorbed  tannic  acid. 
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By  one  complete  mordanting  operation  the  silk  gains 
about  4  per  cent,  in  weight.  If  the  operations  are 
repeated  six  times,  it  gains  about  25  per  cent.,  or 
has  about  made  up  the  loss  sustained  in  boiling-off.  If 
repeated  seven  to  eight  times,  there  is  a  gain  of  about 
8  per  cent,  of  the  original  weight  of  the  raw  silk.  Thus 
mordanted,  the  silk  possesses  a  deep  orange  brown  colour, 
and  still  retains  its  lustre. 

Fig.  45  represents  the  mordanting  bath  in  general 
use  with  black  silk  dyers. 

It  consists  of  a  rectangular  wooden  vat,  for  holding 
the  iron  mordant.  The  silk,  properly  suspended  on 
smooth  wooden  rods  {e.g.,  hickory  sticks  with  the  bark 
l>eeled  off),  is  turned  in  the  solution  by  hand.  After 
draining,  the  excess  of  liquid  is  removed  by  passing 
the  hanks  singly  through  a  squeezing  machme  (Fig.  46), 
provided  with  an  Lnclined,  broad,  endless  band  of  india- 
rubber,  A,  which  carries  tlie  hanks  laid  thereon  through 
the  india-rubber  rollers.  By  means  of  the  screws  at  B 
the  endless  band.  A,  can  always  be  kept  in  a  state  of 
proper  tension.  A  more  complete  expression  of  the  liquid 
is  effected  afterwards  by  twisting  the  hanks  vigorously 
by  hand. 

The  washing  machine  employed  is  illustrated  in 
Fig.  47,  which  represents  one  constructed  by  Gebriider 
Wansleben,  of  Crefeld.  It  consists  of  a  double  row  of 
glazed,  fluted,  porcelain  reels,  on  which  the  hanks  of 
silk  are  suspended  and  made  to  re\'olve.  The  reels  are 
geared  together  by  a  series  of  cog-wheels,  one  of  which, 
on  each  side,  is  driven  by  a  cog-wheel  attached  to  a 
central  friction  disc. 

The  washing  is  effected  by  water-pipes,  situated  below 
the  reels,  and  perforated  on  both  sides  horizontally.  A 
similar  water-pipe  is  situated  between  each  pair  of  hanks, 
so  tliat  each  one  during  its  revolution  has  a  continuous 
and  uninterrupted  stream  of  water-jets  playing  upon  it, 
both  internally  and  externally. 

In    order   to  prevent  the  fibres  from  becoming  en- 
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tangled,  the  reels  are  automatically  caused  to  revolve 
alternately  to  the  right  and  left.  The  movement  of  a 
single  lever  sets  the  reels  in  motion,  and  turns  on  the 
"water.  The  reels  on  each  side  can  be  worked  indepen- 
dently of  each  other,  so  that  while  one  set  are  in  action  and 
washing,  the  other  can  be  emptied  of  hanks  and  refilled. 

After  washing  with  cold  wat^r  in  the  above  manner, 
an  additional  washinsr  or  rinsinor  with  warm  water  is 
etfected  in  a  wooden  trough,  situated  between  and 
below  the  two  sets  of  reels.  By  means  of  a  coimt-er- 
poise,  it  can  be  readily  brought  below  either  set  of  hanks, 
so  that  they  may  then  revolve  in  the  warm  water.  The 
trough  is  fed  from  a  tank  placed  at  a  higher  level,  where 
the  water  is  specially  heated  by  steam  to  the  requisite 
temperature. 

125.  Ferric  Nitrate-sulphates. — Several  of  these  arc 
made  and  employed  in  pra<?tice  under  the  name  of 
nitrate  of  iron. 

They  are  produced  whenever  ferrous  sulphate  is 
oxidised  by  means  of  nitric  acid,  after  the  manner  already 
described  for  the  production  of  ferric  sulphates  {see  p]>. 
1  SI,  182),  but  the  sulphuric  acid  which  was  there  added  is 
here  entirely  or  pfe.rtially  replaced  by  nitric  acid,  thus  : — 

6FeS04-7HoO  +  eHXCg  +  2HXO3  =  ^'^^^^'^O^j.^SO^':.^  -|- 
Ferrous  sulphate.   Kitric  acid.  rerric-nitrate^salphate. 

+  2N0  +  46H2O 
Nitrogen  dioxide 

12FeS04-7H20  +  GHIN'Og  +  4HNO3  =  ^'Fe^'^0^j:S0^40^)i  -f- 

Basic-ferric-nitrate-sulphate. 
+  4N0  +  86n„0 

The  composition  of  those  used  in  practice  is  very 
variable.  Compounds  of  definite  composition  are  not 
'^lerally  intended  to  be  made,  and  their  value  as  mor- 
its  is  entirely  determined  by  the  results  they  yield  in 
dyeing. 

They  are  deep  brownish-red  solutions,  and   contain 
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frequently  some  ferrous  salt  which  has  escaped  oxidation, 
and  whicJi,  in  many  cases,  is  not  considered  injurious. 

In  conjunction  with  Logwood,  for  example,  pure  ferric 
salts  tend  to  give  brownish-blacks,  while  the  ferrous 
salts  orive  bluish-blacks.  A  mixture  of  the  two  is  there- 
fore  considered  to  give  a  more  pleasing  jet-black. 

Excess  of  acid  should  be  avoided  when  these  mor- 
dants are  applied  to  cotton,  especially  in  printing  colours 
which  require  steaming. 

If  used  for  purposes  of  "  saddening,"  a  slight  acidity 
may,  oii  the  other  hand,  be  beneficial,  since  the  mordant 
is  then  more  slowly  decomposed,  and  more  likely  to 
penetrate  the  fibre  and  to  give  a  regular  mordanting. 
If  too  basic,  on  the  contrary,  the  mordant  is  too  sensitive, 
decomposes  spontaneously,  and  gives  irregular  work. 

126.  Application. — The  principal  application  of  the 
nitrate-sulphates  of  iron  is  in  the  black  dyeing  of  cotton. 

The  mode  of  application  is  identical  with  that  given 
for  the  ferric  sulphates.      (See  p.  183.) 

In  wool  dyeing,  the  above  mordants  are  not  used, 
and  in  silk  dyeing  they  have  been  supplanted  by  the 
soluble  basic  ferric  sulphate. 

127.  Ferric  Nitrate. — This  mordant  constitutes  the 
true  nitrate  of  iron  of  the  dyer,  and  is  prepared  by 
dissolving  scrap-iron  slowly  in  nitric  acid.  As  soon  as 
there  is  a  sensible  deposit  of  insoluble  basic  ferric  nitrate 
the  addition  of  iron  is  discontinued,  and  the  liquid  is 
allowed  to  settle.  According  to  the  proportion  of  nitric 
acid  used,  and  the  care  taken  in  the  preparation,  the 
composition  will  be  very  variable. 

It  finds  a  comparatively  limited  use  now,  being  em- 
ployed only  in  cotton  dyeing,  e.g.,  in  the  production  of 
buff  shades.  The  cotton  is  impregnated  with  a  solution 
of  nitrate  of  iron,  and,  after  removing  excess,  is  passed 
through  a  cold  solution  of  sodium  carbonate,  wlj/jK-eby 
ferric  oxide  is  precipitated.  It  is  also  used  occasionally 
for  blacks. 

128.  Ferric  Acetate.— The  normal  acetate,  Fe2(C2H302)6, 
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is  prepared  by  the  double  decomposition  of  ferric  sul- 
phate and  lead  acetate,  in  suitable  proportions. 

On  neutralising  a  solution  of  the  normal  acetate 
■with  increasing  amounts  of  an  alkaline  carbonate,  solu- 
tions of  various  basic  acetates  are  obtained,  e.q.^ 
re2(C.H30o),(OH),  re,(aH30,),(0H).,  Fe.(aH30.,)3(OH)3; 
Feo(C.HoO.)o(OH)4.  A  solution  of  the  normal  salt  is  not 
dissociated  either  by  heating  or  diluting  -srith  water ; 
solutions  of  the  basic  salts  are,  however,  dissociated  on 
heating,  but  not  by  dilution.  Increase  of  basicity  lowei"^ 
the  dissociation  temperature.  It  is  remarkable,  howe^'er, 
that  when  the  solutions  are  diluted,  the  point  of  disso- 
ciation by  heating  is  raised  in  the  least  basic  mordant, 
Feo(CoH30o)5(OH),  remains  unchanged  in  the  case  of 
Feo(CoH302)4(OH)o,  and  is  lowered  only  in  the  more  basic 
mordants.      (Liechti  and  Suida.) 

129.  Applicatio7i. — The  ferric  acetates  seem  to  find,  at 
present,  little  or  no  use  as  mordants,  although  some  were 
formerly  employed  rather  largely  in  black  silk  dyeing. 

130.  Ferric  sulphate-acetates  have  occasionally  been 
used,  having  been  incidentally  prepared  through  the 
desire  of  reducing  the  excessive  acidity  of  ferric  sulphates 
by  the  addition  of  lead  acetate. 

131.  Ferric  Acetate-Nitrate,  or  ferric  nitrate-acetate. 
— This  mordant  has  also  been  incidentally  prepared  by 
adding  a  certain  proportion  of  lead  acetate  to  solutions  of 
certain  ferric  nitrate-sulphates  with  a  view  to  reduce  their 
acidity.  A  product  of  this  nature  has,  however,  been 
much  used  in  silk  dyeing,  and  is  still  employed  in  the 
dyeing  of  black  silk  intended  for  plush  (e.g.,  for  hats), 
since  the  colour  which  it  yields  is  not  afiected  by  hot- 
pressing  or  ironing.  Its  mode  of  preparation,  for  a  long 
time  ke])t  secret,  is  as  follows  :  iron  turnings  are  dissolved 
in  nitric  acid,  as  in  the  manufacture  of  ferric  nitrate, 
but  the  addition  of  iron  is  continued  until  the  whole 
becomes  a  pasty  mass  of  insoluble  basic  ferric  nitrate. 
This  basic  precipitate  is  collected  and  dissolved  in  hot 
acetic  acid,  taking  care  to  leave  a  slight  excess  of  the 
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precipitate.      The    deep   red    solution   thus   obtained   is 
allowed  to  cool  and  settle. 

132.  Ferric  Chloride. — The  normal  compound,  'Fe.JJ\,  is 
not  used  as  a  mordant.  Basic  salts  may  be  produced  by 
dissolving  hydrated  ferric  oxide  in  solutions  of  the  normal 
salt,  but  these,  too,  have  as  yet  found  no  use  in  practice. 

133.  Alkaline  Iron  Mordants. — Although  hydrated 
ferric  oxide  is  not  soluble  in  caustic  alkalis,  the  addition 
of  certain  organic  substances  (tartaric  acid,  glucose, 
glycerine,  &c.)  to  the  solution  of  a  ferric  salt,  prevents 
the  precipitation  of  the  ferric  oxide  by  alkali^  and  hence 
an  alkaline  solution  of  iron  can  be  thus  obtained.  Take, 
for  example,  2^  litres  of  ferric  sulphate  solution,  equiva- 
lent to  1,250  grams  of  ferrous  sulphate,  add  1  litre  of 
glycerine  and  10  litres  of  caustic  soda,  70°  Tw.  (Sp.  Gr. 
1  '35) ;  the  solution  has  a  deep  reddish-brown  colour. 
An  alkaline  ferric  solution  is  also  obtained  by  adding 
an  excess  of  a  concentrated  potassium  carbonate  solu- 
tion to  a  concentrated  solution  of  ferric  sulphate  or 
nitrate.  The  precipitate  which  at  first  forms  is  re-dis- 
solved under  the  above  conditions. 

Pyrophosphate  of  iron,  (Fe2)2(P207)3,  is  soluble  in 
ammonia.  Cotton  mordanted  by  means  of  this  alkaline 
solution  is  said  to  give  good  purples  when  dyed  with 
Madder  or  Alizarin. 

It  has  been  noticed  by  Burgemeister  that  an  addition 
of  glycerine  to  a  solution  of  ferrous  sulphate  prevents 
the  precipitation  of  oxide  by  alkali,  and  that  this  alka- 
line solution  is  capable  of  mordanting  cotton.  Mix,  for 
example,  1  kilo  of  ferrous  sulphate,  2  litres  of  glycerine, 
and  60  litres  of  caustic  soda,  70*^  Tw. 

Notwithstanding  the  above  facts,  alkaline  iron  mor- 
dants have  as  yet  received  no  practical  application  by 
the  dyer,  no  doubt  because  of  their  excessive  alkalinity 
and  cost. 

134.  Iron  Alum.— This  salt,  ^^  I  (^0,), -2 4:11,0,  is 
exactly  analogous  to  ordinary  alum,  and  may  be  applied 
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in  the  same  way.  Its  use  hitherto  has  been  limited, 
having  been  confined  to  mordanting  wool  for  dyeing 
with  alizarin  colours.  There  is  no  reason,  however,  why 
it  should  not  find  a  more  extended  use. 

TIN    MORDANTS. 

135.  Tin.  — Tin  may  occur  in  two  states  of  oxidation — 
as  stannous  oxide,  SnO,  and  as  stannic  oxide,  SnOo.  These 
oxides,  in  their  hydrated  state,  Sn(0H)2  and  Sn(0H)4, 
are  soluble  either  in  acids  or  in  caustic  alkalis,  and  thus 
give  rise  to  corresj^onding  stannous  and  stannic  salts, 
either  of  an  acid  or  of  an  alkaline  nature.  Apart  from 
their  character  as  mordants,  the  stannous  salts  act  as 
powerful  reducing  agents ;  they  have  a  great  avidity  for 
oxygen,  and  tend  to  change  into  stannic  compounds. 
This  fact  should  always  be  bome  in  mind  by  the  textile 
colourist,  since  it  sometimes  excludes  them  from  being 
used  in  conjunction  with  other  mordants  of  an  oxidising 
character,  or  with  such  colouring  matters  as  are  decolorised 
by  a  reducing  action.  In  particular  cases,  however,  this 
characteristic  may  be  made  to  serve  a  useful  purpose,  for 
example,  in  the  reduction  of  indigo-blue  to  indigo-white, 
the  discharging  of  iron  bufifej  manganese  browns,  etc.,  in 
calico-printing. 

As  a  general  rule,  the  stannous  salts  are  employed 
for  wool,  and  the  stannic  salts  for  cotton ;  the  coloui'^ 
they  yield  with  polygenetic  colouring  matters  are  usually 
remarkable  for  their  brilliancy. 

Solutions  of  the  stannous  and  stannic  salts  are  colour- 
less. Many  of  the  tin  solutions,  however,  which  the 
dyer  prepares  by  means  of  nitric  acid,  with  or  without 
the  addition  of  hydrochloric  acid  or  alkali  chlorides, 
possess  a  very  decided  yellow  colour,  and  they  seem  to 
be  of  a  more  unstable  character  than  the  ordinary 
compounds.  Hence  some  consider  that  these  represent 
solutions  of  tin  in  an  intermediate  state  of  oxidation, 
namely,  as  sesquioxide,  SugOg.  It  is,  however,  more 
probable  that  this  coloration  and  sensibility  are  due  to 
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the  presence  of  a  peculiar  modificatioii  of  stannic  oxide 
called  metastannic  acid. 

136.  Stannous  Chloride. — This  mordant  is  sold  in 
the  crystalline  form  (SnClo*2  HoO)  under  the  name  of 
*Hin  crystals"  or  "tin  salt."  A  good  sample  should 
contain  52  per  cent,  of  tin.  It  is  prepared  by  dissolving 
granulated  tin  in  hydrochloric  acid  with  the  aid  of  heat, 
and  allowing  the  concentrated  liquid  to  crystallise. 

Sn  +  2HC1  4-  2H.p  =  !SnCl2-2H20  +  H2 

Access  of  air  is  said  to  facilitate  solution,  so  that  it 
may  also  be  effected  without  heat  if  the  acid  is  poured 
successively  on  exposed  heaps  of  feathered  tin. 

Sn  +  2HC1  +  2HoO  +  0  =  SnCl2-2H20  +  H2O 

Very  frequently  the  solution  is  not  crystallised  ;  it 
is  then  sold  under  the  names  of  "single  muriate  of  tin" 
and  "  double  muriate  of  tin,"  according  as  the  Specific 
Gravity  is  1-3  or  1-6  (60^  Tw.  or  120'-"  Tw.). 

These  "  muriates  of  tin  "  differ  frequently,  however, 
in  concentration,  from  the  standards  here  given  ;  the 
amounts  of  tin,  and  the  free  acid  which  they  always 
contain,  vary  considerably,  and  can  only  be  determined 
by  analysis.  They  are  occasionally  subjected  to  adul- 
teration. 

"  Tin  crystals  "  dissolve  in  a  small  quantity  of  water 
without  undergoing  decomposition,  and  a  clear  solution 
is  obtained  ;  on  further  dilution,  however,  this  becomes 
turbid  through  the  formation  of  an  insoluble  basic 
chloride  or  oxychloride  [2Sn(OH)Cl-H20]  which  is  pre- 
cipitated. 

3SnCLj  +  2H2O  +  0  =2Sn(OH)a-H20  -\-  SnCl4 

Basic  stannous 
chloride. 

The  precipitate  re-dissolves  on  the  addition  of  hydro- 
chloric acid.  A  similar  oxidation  takes  place  when 
^'  tin  crystals  "  are  kept  for  a  lengthened  period,  especially 
if   exposed   to   air   and  light      Osving  .to   the  presence 
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of  excess  of  acid,  the  "  muriates  of  tin  "  are  less  readily 
decomposed  by  dilurion  with  water. 

137.  Application  to  Cotton.  — "  Tin  crystals "  are 
largely  used  by  the  calico-printer  for  mixing  with 
thickened  aluminium  mordants.  When  used  in  small 
amount,  this  addition  prevents,  probably  by  reason  of  its 
reducing  action,  the  fixing  of  iron  accidentally  present 
in  the  printing  colour,  or  acquired  during  the  processes 
of  printing,  <tc.  It  thus  preserves  the  purity  and  bril- 
liancy of  dyed  alizarin-reds,  <fcc.  "WTien  the  addition  is 
made  in  larger  amount,  it  causes  the  printed  mordant  to 
resist  iron  mordants  (covers)  which  are  printed  over  it. 

"  Tin  crystals  "  enter  also  into  the  composition  of 
some  *•'  steam  colours  "'  along  with  dyewood  extracts  and 
such  assistants  as  cream  of  tartar,  oxalic  acid,  kc,  e.g., 
in  steam  cochineal  red,  steam  yellow,  <ka 

Lakes  produced  by  means  of  stannous  chloride  and 
certain  dyewood  extracts,  sold  under  the  name  of 
"  carmines,'"'  e.g..,  Persian  Berry  carmine,  Cochineal  car- 
mine, <irc.,  are  occasionally  used  in  calico-printing. 

As  a  mordant,  and  used  alone,  stannous  chloride  finds 
little  employment  in  cotton  dyeing.  It  is  rather  made  use 
of  to  modify  and  brighten  colours  in  which  other  mordants 
play  the  principal  part.  In  Turkey-red  dyeing,  "  tin 
crystals  "  are  added  in  small  proportion  to  the  soap  solu- 
tion with  which  the  dyed  cotton  is  boiled  in  the  process 
of  "  clearing,"  for  the  purpose  of  giving  more  brilliancy 
to  the  colour.  Care  must  be  taken  not  to  add  it  in 
excessive  quantity,  othei-wise  an  insoluble  and  sticky  tin- 
soap  is  produced,  and  this  adheres  to  and  spoils  the  goods. 

138.  Apjplication  to  Wool. — Stannous  chloride  in  any 
of  its  forms  may  be  and  ih  used  as  a  suitable  mordant 
for  wool,  f'rinci pally  in  conjunction  with  Cochineal  for 
scarlet,  and  with  Flavin,  <Scc.,  for  yellow  or  orange 
colours.  With  some  colouring  matters  it  is  not  necessary 
to  be  applied  to  the  textile  materials  separately,  but  is 
introduced  at  once  into  the  dve-bath  along  with  the 
colouring  matter  and  such   assistants  as  cream  of  tartar, 
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oxalic  acid,  &c.  This  is  rendered  possible  because  the 
tin-lakes  produced  are  for  the  most  part  dissolved  in 
the  excess  of  acid  mordant  present,  from  which  they 
are  absorbed  by  the  wool. 

When  the  wool  is  mordanted  before  dyeing,  it  is 
boiled  with  a  solution  of  stannous  chloride  and  cream  of 
tartar.  Applied  in  this  way,  it  is  not  advisable  to  use 
more  than  4 — 6  per  cent,  of  tin  crystals,  since  the  wool 
tends  to  become  harsh  and  tender,  and  its  property  of 
felting  or  milling  is  impaired.  When  applied  in  a 
more  acid  bath — e.g.,  simultaneously  with  the  colouring 
matter  as  described  above — less  mordant  is  probably  fixed 
upon  the  wool,  and  the  tendency  to  harshness  in  feel  of 
the  latter  is  not  so  apparent. 

Stannous  chloride  is  sometimes  added  to  the  dye- 
bath  towards  the  end  of  the  dyeing  operation  for  the 
purpose  of  modifying  the  colour.  Since  the  colour  is 
thereby  rendered  lighter  and  brighter,  this  application  is 
technicallv  termed  "  bloominsf." 

The  tin-lakes  of  dyewood  extracts,  above  referred 
to,  were  formerly  of  very  great  importance  in  woollen- 
printing,  but  since  the  introduction  of  the  coal-tar 
colouring  matters,  they  have  become  of  less  importance. 

139.  Application  to  Silk.  —  Stannous  chloride  is 
principally  used  in  conjunction  with  Catechu  in  produc- 
ing heavily  weighted  blacks,  where,  indeed,  it  is  of  prime 
importance  ;  the  mode  of  its  use  is  given  in  treating  of 
the  applications  of  Catechu  (seep.  371). 

140.  Tin  Spirits  is  a  general  term  given  to  solutions 
of  tin,  in  the  preparation  of  which  other  acids  besides 
hydrochloric  acid  are  used,  e.g.,  nitric  acid  and  sulphuric 
acid.  They  are  really  solutions  of  very  variable  com- 
position, and  whose  utility,  under  various  conditions,  must 
be  determined  empirically.  Each  bears  a  special  name 
to  denote  its  intended  particular  application.  They  are 
chiefly  used  in  wool  dyeing,  but  their  former  importance 
has  been  lost  through  the  introduction  of  the  coal-tar 
colours. 
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The  following  are  those  which  consist  of  stannous 
salt : — 

Yellow  Spirit  is  the  name  given  to  a  solution  of  tin 
in  which  the  hydrochloric  acid  has  been  partly  replaced 
by  sulphuric  acid.  This  preparation,  used  in  conjunction 
with  the  yellow  dyewoods.  is  said  to  yield  purer  yellows 
than  pure  stannous  chloride.  It  is  sometimes  called 
"  sulpho-muriate  of  tin." 

Amaranth  Spirit  and  Plum  Spirit  are  both  similar 
in  character  to  Yellow  spirit,  although  the  name  Plum 
spirit  is  also  given  to  a  solution  of  tin  in  a  mixture  of 
hydrochloric  and  nitric  acids. 

Scarlet  Finishing  Spirit  is  "  muriate  of  tin  "  contain- 
ing a  certain  proportion  of  oxalic  acid  and  sometimes 
also  tartaric  acid.  It  is  said  to  be  useful  in  imparting 
brilliancy  to  cochineal  scarlets  if  added  to  the  dye-bath  in 
small  amount  towards  the  end  of  the  dyeing  operation, 
the  chief  mordant  used  being  "  nitrate  of  tin." 

Finishing  Spirit  is  a  name  given  to  a  simple 
solution  of  "  muriate  of  tin,"  or  one  containing  a  small 
proportion  of  sulphuric  acid.  It  is  added  to  the  dye- 
bath  towards  the  end  of  the  operation  in  dyeing  Prussian 
Blues  on  wool  for  the  purpose  of  imparting  brilliancy  to 
the  colour. 

141.  Stannous  Nitrate. — This  mordant  may  be  pre- 
pared by  dissolving  freshly  precipitated  hydrated  stannous 
oxide  Sn(0H)2  in  cold  dilute  nitric  acid ;  in  practice, 
however,  the  hydrated  oxide  is  replaced  by  metallic  tin, 
in  which  case  the  liquid  contains  ammonium  nitrate  : — 

4Sii  -f  IOHXO3  =  4Sii(N03)2  +  NH4NO3  +  3H2O. 

The  usual  method  is  to  gradually  dissolve  rods  of  tin 
in  eight  times  their  weight  of  cold  nitric  acid  32°  Tw. 
(Sp.  Gr.  1'16),  taking  care  to  avoid  evolution  of  nitrogen 
dioxide.  The  nitric  acid  should  also  be  free  from  the 
lower  oxides  of  nitrogen. 

As  prepared  by  the  dyer,  it  is  a  deep  yellow  solution 
of   about    G0°  Tw.    (Sp.    Gr.    1-3),   liable    to    decompose 
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spontaneously  and  to  deposit  a  white  precipitate  on  long 
standing. 

Although  the  real  chemical  composition  of  this  solu- 
tion seems  to  be  still  unsettled,  it  probably  contains  the 
tin  essentially  as  a  stannous  salt,  but  metastannic  salt  is 
also  present,  as  indicated  by  its  amber  colour. 

It  is  known  in  the  dyeing  trade  by  the  following 
names  : — Bowl  spirit,  scarlet  spirit,  and  nitrate  of  tin. 

It  is  a  very  favourite  mordant  with  woollen  dyers  for 
the  production  of  cochineal  scarlets,  and  this  indeed  is 
its  principal  use, 

142.  Stannic  Chloride. — This  mordant  is  prepared  by 
leading  chlorine  gas  into  a  solution  of  stannous  chloride  : 

SnCV2H20  +  CI2+3H2O  —  SnCl^-SHaO 
Stannous  St-innic 

chloride.  chloride. 

or  by  oxidising  a  solution  of  stannous  chloride  and  hydro- 
chloric acid,  with  nitric  acid,  chlorate  of  potash,  or  other 
oxidising  agent : 

3SnCl2-2H20  4-  6HC1  -^  2HX03  =  3SnCl4  -f  2N0  -}-  lOHgO 
Hydro-        Nitric  Staunio 

chloric  acid.         chloride, 

acid. 

3SnCl2-2H20  -1-  6HC1  -f  KCIO3  =  SSnCl^  +  KCl  -f    9H2O. 

Potassium 
chlorate. 

The  method  in  which  potassium  chlorate  is  employed 
as  the  oxidising  agent  is  one  easily  carried  out,  and  it 
gives  an  excellent  preparation.  The  stannous  chloride  is 
dissolved  in  the  hydrochloric  acid  with  or  without  the 
addition  of  a  little  water,  and  the  solution  is  gently 
warmed,  in  order  to  ensure  the  beginning  of  the  reaction. 
It  is  then  only  necessary  to  add,  as  rapidly  as  the  reaction 
permits,  small  quantities  of  potassium  chlorate  until  the 
calculated  amount  has  been  added.  The  necessary  heat 
is  maintained  by  the  somewhat  energetic  action  which 
takes  place  on  each  addition  of  potassium  chlorate.  The 
stannic  chloride  solution  thus  obtained  should  be  colour 
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less.  "With  excess  of  potassium  cLloi-ate,  it  is  yellow 
from  the  presence  of  free  chlorine,  and  this  may  serve  to 
indicate  when  the  correct  amount  has  been  added.  With 
a  deticiency  of  hydiochloric  acid  the  solution  becomes 
turbid.  The  folio v^ing  proportions  have  been  determined 
bv  exj^errment  as  suitable  : — 337  ^ams  of  tin  ciystals, 
300  grams  of  hydrochloric  acid,  2-1^  Tw.  (Sp.  Gr.  112), 
dS  grams  of  potassium  chlorate. 

Several  crystalline  hydrates  of  stannic  chloride  have 
been  recognised;  the  best  known  is  the  penta-hydrate 
(SnCl^-oHoO),  which  is  an  article  of  commerce. 

Dilute  solutions  of  stannic  chloride  decompose 
spontaneously  on  long  standing,  but  decomposition  with 
preci}utation  of  hydi-ated  stannic  oxide  is  at  once  effected 
on  boiling  : 

SnCli  +  4H.0  =  Sn'0H)4  +  -tHCL 

Staurdc 
hvdrate. 

143.  Pink  Salt. — This  is  a  double  salt  of  stannic 
chloride  with  ammonium  chloride  [SnCl4'2(NH^Cl)]. 
When  concentrated  solutions  of  the  two  salts  are  mixed 
in  the  requisite  proportions,  it  is  deposited  as  a  white 
crystalline  powder.  It  dissolves  in  water  without  de- 
composition. A  dilate  solution  is  dissociated  by  heating, 
hydrated  stannic  oxide  being  precipitated. 

Though  formerly  much  used  by  the  calico-printer,  this 
mordant  seems  to  be  only  rarely  employed  at  present. 

144.  Tin  Spirits. — Reference  has  ak-eady  been  made 
to  certain  solutions  of  stannous  salts,  which  bear  this 
name  (see  p.  198),  but  the  name  includes  a  still  more 
numerous  class  in  which  stannic  salts  are  present.  The 
term  "  spiiit '"  here  used  is  derived  from  the  antiquated 
names  '•  Spirits  of  salt "  and  "  Spirits  of  nitre  "  applied 
to  hydrochloric  acid  and  nitric  acid  respectively,  since 
these  are  the  essential  solvents  of  the  tin,  although 
ammonium  chloride  and  sodium  chloride  and  other  salts 
are  sometimes  introduced.  '•  Tin  spirits  "  are  the  result 
of  pure  empiricism,  and  their  mode  of  manufacture  was 
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formerly  a  matter  of  profound  secrecy  am.ong  dyers. 
Since  the  introduction  of  the  coal-tar  colours  their 
former  importance  has  very  considerably  diminished. 
According  to  the  particular  use  for  which  they  seemed  to 
be  most  suitable  or  at  the  fancy  of  the  dyer,  they  received 
one  or  other  of  the  following  names  :  Nitro-inuriate 
of  tin,  tin  composition,  cotton  spirits,  barwood  spirits^ 
crimson  spirits,  purple  spirits,  phi/sic,  dec. 

It  is  useless  to  give  a  selection  of  receipts  of  these 
solutions,  for  they  are  endless,  and  no  good  purpose  would 
be  served  by  so  doing.  The  following  is  a  summary  of 
the  relative  proportions  of  ingredients  which  have  been 
used  in  practice  : — 

a.  100  grams  of  nitric  acid  6-4°  Tw.  (Sp.  Gr.  1-32). 
150—600  grams  of  hydrochloric  acid  32®  Tw.  (Sp.  Gr.  1-16). 
6 — 12  per  cent,  of  the  weight  of  mixed  acids  of  tin. 

In  some  cases  even  30 — 40  per  cent,  of  tia  has  been  used- 

b.  100  grams  of  nitric  acid  64®  Tw.  (Sp.  Gr.  1-32). 
12-5  grams  of  ammonium  chloride  (or  5  grams  XaCl). 
12 — 16  per  cent,  (of  the  weight  of  nitric  acid)  of  tin. 

The  solutions  are  frequently  diluted  with  water  to  a 
moderate  degree. 

Oxymuriate  of  Tin  and  Pinh  Cutting  Liquor  are 
names  given  to  a  preparation  belonging  to  the  same  class, 
and  made  by  adding  gradually  and  with  continual  stirring 
125—150  grams  of  nitric  acid  62^  Tw.  (Sp  Gr.  1-31)  to 
100  grams  of  stannous  chloride  crystals,  and  diluting 
slightly  with  water.  It  is  a  white,  somewhat  milky 
solution. 

According  to  the  proportions  of  the  different  in- 
gredients, the  temperature,  and  the  method  of  procedure 
adopted  in  making  the  above  mordants,  their  composition 
will  vary  exceedingly,  not  only  as  to  acidity  and  per- 
centage of  tin,  but  also  as  to  the  state  of  oxidation  in 
which  the  tin  is  present. 

Much  difficulty  is  experienced  in  the  manufacture 
of  tin  mordants  by  the  dyer,  because  of  the  fact 
already    alluded    to,    that    two    stannic    oxides    exibfc, 
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namely,  stannic  acid  and  metastanDic  acid  ;  the  former 
is  soluble  in  nitric  acid  ;  the  latter  is  insoluble. 
Metastannic  acid  is  invariably  formed  whenever  tin  is 
violently  acted  upon  by  nitric  acid,  either  because 
the  latter  is  too  concentrated,  or  the  temperature 
employed  is  too  high.  The  formation  of  this  body  as  an 
insoluble  pre^cipitate  constitutes  the  so-called  "  firing " 
during  the  preparation  of  some  of  the  above  mordants, 
and  must  be  rigorously  avoided  by  adding  the  tin  slowly 
in  the  form  of  rods,  keeping  the  acids  cool,  and  preventing 
the  evolution  of  nitrogren  dioxide,  since  it  means  a  loss 
of  tin  and  a  diminution  of  the  mordanting  power  of 
the  solution.  But  even  when  this  violent  oxidation  does 
not  take  place,  soluble  metastannic  chloride  or  complex 
oxychlorides  are  frequently  formed,  and  the  presence  or 
absence  of  these  in  any  solution  of  stannous  or  stannic 
salts  influences  very  much  its  behaviour  in  mordanticg. 

Application  of  Stannic  Salts  to  the  various  Textile  Fibres. 

145.  Application  to  Cotton. — In  ordinary  yarn  and 
piece  dyeing  stannic  chloride  finds  only  a  limited  use. 

As  barwood- spirit  and  red-cotton-spirit,  it  is  used 
in  dyeing  reds  with  Barwood  and  Peachwood. 

The  cotton  is  first  well  impregnated  with  a  decoction 
of  tannin  matter,  then  worked  and  steeped  in  a  dilute 
solution  of  the  stannic  salt  and  finally  washed.  It  is 
occasionally  used  for  clarets  and  browns,  in  the  produc- 
tion of  which  Fustic,  Logwood,  and  Peachwood  are  used 
together  in  the  dye-bath. 

Stannic  chloride  is  more  extensively  used  in  mor- 
danting the  cotton- warp  of  mixed  goods  for  producing 
liirht  bright  shades.  After  dveincr  the  wool,  the  material 
is  worked  in  a  decoction  of  tannin  matter,  and  afterwards 
in  a  solution  of  the  stannic  salt  at  4°  Tw.  (Sp.  Gr.  1  -02). 

Formerly,  when  dyewood  extracts  were  the  colouring 
matters  employed,  it  was  the  hydrated  stannic  oxide 
■which  constituted  the  real  mordant,  and  this  it  was  which 
combined  with  the  colouring  matters  of  Peachwood,  Log- 
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wood,  Flavin,  Cochineal,  &,c.,  to  produce  crimson,  claret, 
purple,  and  various  light  compound  colours.  The  tannic 
acid  of  the  tannin  matter  merely  acted  as  the  fixing 
agent  for  the  stannic  oxide. 

At  present,  however,  in  cases  where  the  basic  coal-tar 
colours  are  employed,  the  rdles  of  the  two  substances  are 
exchanged,  and  the  stannic  chloride  must  be  considered 
as  the  fixing  agent  and  the  tannic  acid  as  the  mordant. 
Some  dyers  have  given  the  name  "  aniline  spirit "  to 
the  tin  solution  which  they  considered  specially  suitable 
for  this  purpose. 

It  is  very  probable  that  a  stannic  chloride,  free  from 
stannous  salt,  made  as  above  described  by  means  of  potas- 
sium chlorate  or  nitric  acid,  would  suit  all  cases  where 
cotton  has  to  be  mordanted  with  tin  and  tannic  acid.  The 
presence  of  stannous  salt  is,  as  a  rule,  injurious,  because 
of  its  reducing  action,  and  because  in  the  case  of  mixed 
goods  of  cotton  and  wool  it  is  apt  to  mordant  the  latter. 

146.  Application  to  Wooh — Pure  stannic  chloride  is 
not  a  suitable  mordant  for  wool. 

If  wool  is  boiled  with  a  dilute  solution  of  pure 
stannic  chloride,  washed,  and  dyed  with  a  polygenetic 
colouring  matter — e.g.,  Camwood,  Logwood,  &c. — it  only 
acquires  a  useless  stain,  and  the  addition  of  a  very  large 
amount  of  cream  of  tartar  to  the  mordanting  bath  is 
necessary  before  any  good,  full,  useful  colour  can  be  thus 
obtained.  It  is  no  doubt  this  deficiency  of  mordanting 
power  for  wool  under  certain  conditions,  that  renders 
stannic  chloride  such  a  useful  mordant  for  cotton  in  the 
case  of  mixed  goods  of  cotton  and  wool. 

Notwithstanding  this  fact,  many  of  the  above-men- 
tioned preparations  containing  stannic  salt  are  used  in 
woollen  dyeing.  The  tin  is,  however,  chiefly  present  as 
a  stannous  salt,  and  the  stannic  compound  is  only  there  in 
limited  proportion,  or  possibly  the  tin  is  present  as  a  sesqui- 
com pound,  that  is,  in  an  intermediate  state  of  oxidation, 
which  has  been  little  studied.  The  principal  use  of  such 
mordants  has  been  in  the  dyeing  of  cochineal  scarlets. 
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147.  Application  to  Silk. — Some  of  the  solutions  of 
tin  in  mixtures  of  nitiic  and  Lydrocliloric  acid  were 
formerly  much  used,  in  conjunction  vriih  Brazil-wood  and 
Logwood,  for  the  production  of  red  and  purple  colours  on 
silk,  under  the  names  of  ''  crimson  spirit '"'  and  "  purple 
spii'it."  They  were  applied  to  the  fibre  before  or  simul- 
taneously with  the  colouring  matter.  Since  the  intro- 
duction of  the  coal-tar  colours  these  mordants  are  seldom 
used. 

Stannic  chloride,  however,  is  frequently  used  at  the 
present  time  for  the  pui-pose  of  weighting  white,  and 
light-shades  of  silk.  The  raw  silk  is  steeped  for  some 
time  in  a  cold  solution  of  stannic  chloride,  then  washed 
and  passed  through  a  cold  dilute  solution  of  sodium  car- 
bonate, and  finally  washed  in  water.  After  repeating 
these  operations  several  times,  the  silk  is  boiled-off  in  the 
ordinary  way.  In  this  manner  the  silk  may  be  made  to 
gain  2.5  per  cent,  in  weight.  This  weighting  gives  the  silk 
a  false  feeling  of  substantiality,  and  is  not  without  some 
injurious  influence  on  many  of  the  colours  subsequently 
applied.  If  the  solution  is  used  at  a  concentration  of 
100"  Tw.,  the  silk  begins  to  dissolve;  it  contracts  very 
considerably  even  when  the  solution  is  only  .50'  Tw. 

148.  Stannate  of  Soda. — This  salt  is  also  known  as 

"  preparing  salt.'"     It  is   manufactured   on   a  somewhat 

extensive  scale  by  fusing  together  sodium  hydrate,  sodium 

nitrate,  and  tin,  generally  with  the  addition  of  common 

salt: 

2Sn  -f  3XaOH  +  XaXOa  =  2Sii03yao  +  XH3 
Sc^dixim       Sodium  Stannate 

hydrate.       nitrate.  of  soda. 

Other  modes  of  manufacture  are  also  known.  The 
commercial  product  has  the  form  of  in'egular,  fused- 
looking,  white,  hard  lumps.  It  dissolves  almost  entirely 
in  water  if  freshly  made,  but  if  kept  for  some  time 
exposed  to  air  and  moisture,  it  decomposes,  and  leaves 
much  white  sediment  on  dissolving.  It  generally  con- 
tains   variable    quantities    of    sodium     carbonate    and 
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common  salt;  some  varieties  contain  also  arsenate  of 
soda  or  tungstate  of  soda.  These  last  additions  are 
supposed^  to  increase  or  improve  its  mordanting  qualities, 
but  this  is  extremely  doubtful.  Its  chief  value  depends 
upon  the  amount  of  tin  which  it  contains,  and  this  is 
somewhat  variable,  ranging  as  it  does  fi^om  8  to  20  per 
cent,  according  to  price. 

In  stannate  of  soda,  the  stannic  oxide  plays  the  part 
of  an  acid.  It  is  precipitated  from  its  solution  by  the 
addition  of  a  mineral  acid,  a  reaction  on  which  its  method 
of  application  is  founded. 

149.  Application  to  Cotton. — Stannate  of  soda  is 
employed  to  mordant  cotton  with  hydrated  stannic  oxide 
previous  to  printing  with  certain  colours.  The  cotton  is 
thoroughly  impregnated  with  a  solution  of  stannate  of 
soda  4°— 10°  Tw.  ("Sp.  Gr.  1  •02—1-05),  then  passed  rapidly 
through  very  dilute  sulphuric  acid,  and  at  once  washed. 

Calico  prepared  in  this  manner  is  sometimes  called 
"  steam-prepared  cloth,"  since  it  is  intended  that  certain 
steam-coloui^  shall  be  printed  upon  it,  more  particularly 
those  ^  containing  a  tin  or  aluminium  mordant.  The 
stannic  oxide  upon  the  cloth  tends  to  saturate  the  acid 
mordants  of  the  colour,  so  that  the  fabric  is  less  corroded, . 
and  a  larger  quantity  of  basic  salt  is  fixed  on  the  fibre. 
If  the  printing  colour  contains  an  aluminium  mordant, 
there  is  probably  fixed  on  the  fibre  a  basic  alumina- 
stannic  compound.  The  result  of  preparing  the  cloth 
with  stannic  oxide  is  that  the  colours  are  richer,  brighter, 
and  faster  to  washing  than  they  otherwise  would  be. 

150.  Application  to  WooL—The  woollen-printer  ap- 
plies stannate  of  soda  as  a  preparation  for  steam-colours 
in  a  manner  similar  to  that  just  described.  The  woollen 
cloJ;h  is  padded  twice  in  a  solution  of  stannate  of  soda 
16^  Tw.  (Sp.  Gr.  1-08),  and  passed  for  five  minutes 
through  a  solution  containing,  per  litre  of  water,  5  cubic 
centimetres  of  sulphuric  acid  168^  T^-.  (Sp.  Gr.  1-84), 
and  6-25  cubic  centimetres  of  bleaehing-powder  solution 
10^  Tw.  (Sp.  Gr.  1-05).     The  cloth  is  then  well  washed 
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and  dried.  ]More  regular  results  are  obtained  if,  after 
padding  the  cloth  in  stannate  of  soda,  it  is  passed  through 
dilute  sulphuric  acid  about  3°  Tw.  (Sp.  Gr.  1-015),  and 
then,  after  washing,  through  a  solution  containing  about 
one-fifth  the  above  quantities  of  sulphuric  acid  and 
bleaching  powder  solution,  and  is  finally  washed.  In 
bleached  wool  the  chlorine  oxidises  the  sulphur  dioxide 
retained  bv  the  fibre. 

Stannate  of  soda  is  not  used  in  preparing  silk. 

CHROMIUM    MORDANTS. 

151.  Two  classes  of  chromium  salts  have  been  hitherto 
used  as  mordants ;  first,  those  corresponding  to  chromic 
oxide  (CroOg),  and  in  which  the  chromium  is,  as  it  were, 
the  basic  element  of  the  salt ;  and,  secondly,  those  corre- 
sponding to  chromium  trioxide  (CrOg),  which  plays  the 
part  of  an  acid.  But  it  must  be  well  borne  in  mind  that 
A^T-th  the  latter  the  real  mordanting  effect  takes  place 
only  after  reduction  of  the  chromic  acid  to  chromic  oxide. 

Although  the  chromium  mordants  are  capable  of 
yielding  excellent  results,  both  as  regards  beauty  and 
fastness  of  colour,  their  use  has  been  comparatively  limited, 
more  particularly  in  cotton  dyeing,  owing  to  the  absence, 
till  recently,  of  satisfactory  methods  of  application. 

The  chromium  trioxide  salts  are  certainly  analogous 
in  constitution  to  those  of  aluminium  and  ferric  oxide, 
but  in  many  respects  their  behaviour  towards  the  textile 
fibres  is  very  different. 

152.  Potassium  Bichromate  (bichromate  of  potash). 
— This  compound  (KoCroO;)  serves  as  the  point  of 
departure  for  making  other  chromium  mordants.  It  is 
manufactured  on  a  laro-e  scale  from  chrome-iron  ore.  The 
ground  roasted  ore  is  mixed  with  potassium  carbonate  and 
lime.  The  mixture  is  heated  for  the  purpose  of  oxidation 
in  a  reverberatory  furnace,  and  the  calcium  chromate 
formed  is  dissolved  out  with  water.  Potassium  sulphate 
is  added  to  the  solution,  and  ths  requisite  amount  of 
sulphuric  acid  is  added   to   the    solution   of   potassium 
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cliromate  thus  obtained,  to  convert  the  hitter  into  the 
dichromate. 

The  commercial  product  has  the  form  of  well-defined 
orange-coloured  crystals.  In  the  unground  state  it  is 
not  usually  subjected  to  adulteration. 

It  is  a  powerful  oxidising  agent,  and  on  this  account 
alone  it  is  frequently  employed  by  the  textile  colourist, 
although  it  serves  also  as  an  excellent  mordant  for  wool. 
153.  Application  to  Cotton. — Bichromate  of  potash 
is  used  by  the  cotton-dyer  and  calico-printer  in  the  pro- 
duction of  chromate  of  lead  yellow  and  orange.  To 
produce  the  yellow,  the  cotton  is  impregnated  \ith  a 
soluble  lead  salt  (nitrate  or  acetate),  and,  after  precipita- 
tion of  the  lead  on  the  fibre  as  oxide  or  sulphate  (by 
means  of  ammonia,  lime,  or  sodium  sulphate),  passed 
through  a  hot  dilute  solution  of  potassium  dichromate. 
An  orange  colour  is  obtained  by  a  subsequent  rapid 
passage  through  boiling  milk  of  lime,  whereby  the 
yellow  lead  chromate  (PbCrO^)  is  changed  more  or  less 
into  the  red  basic  lead  chromate,  Pb.CrO^. 

In  the  production  of  browns  or  other  colours  in 
which  catechu  is  a  constituent  element,  potassium 
dichromate  is  used  solely  because  of  its  oxidising  pro- 
perty. The  cotton  is  impregnated  with  a  decoction  of 
catechu,  and  subsequently  passed  rapidly  through  a 
boihng  solution  of  potassium  dichromate.  The  essential 
action  during  this  process  is  that  the  active  principle  of 
the  catechu  (catechin),  which  has  been  attracted  by  the 
cotton,  is  oxidised,  rendered  insoluble,  and  fixed,  it  is  said 
as  brown  japonic  acid.  There  is,  of  course,  necessarily 
a  simultaneous  deposition  of  chromic  oxide  on  the  fibre 
through  the  reduction  of  the  chromic  acid  of  the  potassium 
dichromate,  and  this  may  serve  as  a  mordant  for  dyeing 
subsequently  with  other  colouring  matters,  to  produce 
various  shades  of  brown. 

In  dyeing  anihne  black  {see  p.  390),  and  in  the 
development  of  printed  steam-blues,  the  potassium  di- 
cliromate  is  also  employed  because  of  its  oxidising  action. 
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In  some  cases,  the  oxidising  nature  of  this  salt  is 
made  use  of  for  the  purpose  of  destroying  colour  instead 
of  developing  it.  It  is  employed,  for  example,  by  the 
calico-printer  as  a  discharge  for  indigo- vat-blue. 

A  thickened  solution  of  potassium  chromate  is 
jorinted  upon  the  blue  calico,  which,  after  drying,  is  passed 
rapidly  through  a  cold  and  moderately  concentrated  so- 
lution containing  oxalic  and  sulphuric  acid.  The  moment 
the  printed  parts  containing  the  potassium  chromate 
come  in  contact  with  the  acid  solution,  there  chromic  acid 
is  liberated,  the  blue  is  destroyed,  and  a  white  pattern  on 
a  blue  ground  is  the  result.  By  adding  the  potassium 
chromate  to  insoluble  pigment  colours  (vermilion,  chrome 
green,  &c.),  thickened  with  albumen,  coloured  discharge 
patterns  are  similarly  produced. 

154.  Application  to  Wool.  —  Bichromate  of  potash 
serves  as  an  excellent  mordant  in  woollen  dyeing.  The 
wool  is  boiled  for  1 — \\  hour  with  a  solution,  containing 
2 — 4  per  cent,  (of  the  weight  of  the  material  employed), 
of  bichromate  of  potash.  After  washing  well,  the 
material  is  ready  for  the  dye-bath. 

One  point  to  be  well  borne  in  mind  by  the  dyer, 
since  it  may  be  the  source  of  uneven  dyeing  occasionally, 
is  that  the  wool  in  the  mordanted  state  is  sensitive  to 
the  action  of  light ;  whereas  the  unexposed  mordanted 
wool  has  a  yellowish  colour,  when  exposed  to  light  it 
becomes  greenish,  through  reduction  of  the  absorbed 
salt  and  deposition  of  chromic  oxide.  The  important 
point  is  that  the  exposed  and  unexposed  portions  behave 
differently  in  the  dye-bath.  The  unexposed  part  dyes 
more  rapidly  than  the  other,  and  acquires  a  some- 
what darker  and  less  brilliant  tint.  No  doubt  the 
action  of  light  on  wool  mordanted  with  bichromate  of 
potash  is  similar  to  that  which  it  has  upon  a  film  of 
gelatin  impregnated  with  the  same  salt.  The  gelatin 
is  rendered  insoluble  in  water — a  fact  which  is  made  iise 
of  in  the  autotype  process  of  photography.  Although 
the  slow  dyeing  of  the  exposed  portions  may  be  partly 
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caused  by  the  ■wool  being  rendered  less  absorbent,  it  is 
also  probably  due  to  the  different  behaviour  in  the  dye- 
bath  of  the  deposited  chromic  oxide  as  compared  with 
that  of  the  absorbed  bichromate  of  potash. 

With  some  colouring  matters — e.g.^  the  yellow  dye- 
woods — larger  percentages  of  mordant  than  those  given 
may  be  employed,  and  deeper  colours  thus  obtained. 
This,  however,  is  not  to  be  recommended,  both  on 
account  of  the  increased  expense,  and  because  the 
dyed  colours  are  said  to  fade  more  quickly.  With 
many  colouring  matters,  the  injurious  effect  of  mordant- 
ing with  a  large  amount  of  bichromate  of  potash  is 
already  apparent  in  the  dye-bath,  the  material  refusing, 
as  it  were,  to  be  dyed,  although  the  real  cause  is  pro- 
bably the  oxidation  and  destruction  of  the  colouring 
matter,  by  the  excess  of  bichromate  of  potash  absorbed 
by  the  wool.  In  such  cases,  the  wool  is  said  to  be 
"  over-chromed." 

The  mordanting  power  of  bichromate  of  potash  for 
wool  is  somewhat  remarkable. 

The  striking  feature  in  connection  with  this  use  of 
bichromate  of  potash  is,  that  with  only  a  comparatively 
small  percentage  of  it,  full  deep  colours  can  be  obtained. 
The  use  of  any  other  salt  containing  an  equivalent 
amount  of  chromium  does  not  yield  to  the  fibre  the  real 
mordanting  body  (chromic  oxide)  so  completely,  and 
colours  of  equal  intensity  are  not  obtained.  It  is  a  mor- 
dant easy  of  application,  very  effective  in  its  action,  and 
one  which  leaves  the  wool  with  a  soft  feel.  If  oxidation 
of  the  wool  does  take  place,  it  is  very  slight,  and  this  is 
certainly  only  a  secondary  accompaniment  not  by  any 
means  the  essential  action  which  accounts  for  the  striking: 
character  of  the  mordanting  powers  of  bichromate  of  potash. 

With  many  colouring  matters,  by  the  addition  to  the 
mordanting  bath  of  a  mineral  acid — e.g.,  H2SO4 — just 
sufficient  in  amount  to  take  up  the  potassium  and  liber- 
ate chromic  acid,  the  mordanting  power  of  bicliromate 
of  potash  is  slightly  increased,  and  deeper  colours  are 
o 
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obtained.  Mordanting  with  pure  chromic  acid  gives 
similar  results.  In  both  cases  the  mordanted  wool  has 
a  yellowish  colour. 

When  organic  acids  or  acid  salts — e.g.^  tartaric  acid, 
cream  of  tartar,  &c. — are  used  along  with  the  bichromate 
of  potash,  there  is  production  of  a  chromic  salt  (CroOg) 
in  the  mordaating  bath,  and  the  wool  assumes  a  grefen 
colour  through  the  deposition  of  chromic  oxide.  In  this 
case,  the  colours  obtained  in  dyeing,  although  possessing 
more  brilliancy  and  differing  in  tint,  are  essentially  the 
same  as  those  obtained  on  the  yellow-coloured  wool. 

The  best  explanation  of  what  takes  place  when  wool  is 
boiled  with  bichromate  of  potash  or  chromic  acid,  is  that 
these  bodies  are  simply  absorbed  in  a  more  or  less  un- 
changed state,  since  they  are  largely  removed  from  freshly 
mordanted  wool  by  mere  washing  in  water.  In  the  dye- 
bath  they  undoubtedly  sufier  decomposition  ;  tliere^  under 
the  influence  of  the  colouring  matter,  reduction  to  chromic 
oxide  takes  place,  and  the  production  and  fixing  of 
chromium  lake  are  probably  effected  simultaneously. 
The  lesser  brilliancy  of  the  colour  obtained  on  the 
yellow  mordanted  wool  is  explained  by  the  wool  absorb- 
ing the  impure  oxidation  products  of  the  colouring  matter, 
which  of  course  cannot  take  place  in  the  case  of  the  green 
mordanted  wool  where  only  chromic  oxide  is  present. 

Chromium  lakes  are  produced  with  the  greatest  ease, 
apart  from  the  fibre,  by  merely  mixing  together  cold 
solutions  of  colouring  matter  ie.g.^  logwood  liquor)  and 
bichromate  of  potash,  and  allowing  them  to  stand  for 
some  time.  Precipitation  at  once  takes  place  on  heating. 
The  reactions  which  occur  in  dyeing  wool  mordanted  with 
bichromate  of  potash  are  probably  strictly  analogous. 

In  some  cases,  the  mordanting  of  the  wool  with  bi- 
chromate of  potash  takes  place  after  boiling  with  a  decoc- 
tion of  the  colouring  matter,  e.g.^  with  Camwood  and  the 
allied  woods.  In  the  application  of  Catechu  to  wool,  the 
essential  action  of  the  potassium  dichromate  is  one  of 
oxidation,  and  the  same  method  is  adopted. 
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155.  Ap2)lication  to  Silk. —  Bichromate  of  potash  is 
used  in  the  production  of  catechu  browns  ;  the  method 
being  similar  to  that  employed  for  obtaining  the  same 
colours  on  cotton  [see  p.  207).  It  is  occasionally  used 
also  in  a  like  manner  with  certain  logwood  blacks. 

156.  Sodium  Dichromate.— This  salt  (iS^aoCro07-2HoO) 
has  been  introduced  into  commerce  as  a  substitute  for  the 
more  expensive  potassium  salt.  It  is  sold  both  in  the 
crystalline  and  in  the  dehydrated  state.  Being  somewhat 
deliquescent,  it  requires  to  be  kept  closed  up  or  in  a 
dry  atmosphere  ;  its  greater  solubility  gives  it  an  ad- 
vantage over  the  potassium  salt  in  some  cases,  e.g.,  in 
the  printing  of  coloured  discharges  on  indigo-vat-blue 
calico.  If  equally  pure  it  may  be  capable  of  replacing 
the  potassium  salt  in  most  of  its  applications,  possibly 
in  all. 

157.  Barium  Chromate  (BaCr04)  is  an  insoluble 
yellow  precipitate,  which  has  been  used  as  a  pigment 
by  the  calico-printer  under  the  name  of  "  yellow  ultra- 
marine." Its  chief  recommendation  is  that  it  does  not 
blacken  when  subjected  to  the  influence  of  sulphuretted 
hydrogen. 

158.  Lead  Chromate  (PbCrO^)  is  a  yellow  precipitate 
kno^v^l  by  the  name  of  "  chrome  yellow."  It  is  fre- 
quently used  as  a  pigment  by  the  calico-printer,  but, 
unfortunately,  it  is  blackened  by  sulphuretted  hydrogen. 

Mixtures  of  PbCrO^  with  the  red  basic  compound 
PboCrOj  constitute  the  pigment  "  chrome-orange  "  of  the 
calico-printer. 

159.  Copper  Chromate. — When  a  solution  containing 
copper  sulphate  and  potassium  dichromate  is  boiled,  a 
basic  salt  (Cu3Cr06*2HoO)  is  thrown  down  as  a  brown 
precipitate.  Such  a  solution  has  been  employed  for  mor- 
danting wool  with  good  results. 

160.  Chrome-Alum  {Potassium  chromium  suljjiiate). 

—This  substance  [^^  I  {^0^^-U'Kf>\   though  contain- 
ing no  aluminium  13  so  called  because  its  crystalline  form 


212  DYEING    OF    TEXTILE    FABRICS.  [Chap.  XL 

and  chemical  constitution  are  similar  to  those  of  ordinary 
alum.  It  is  obtained  in  large  quantities  as  a  by-product 
in  the  manufacture  of  artificial  Alizarin  from  anthracene, 
in  which  case  it  contains  calcium  sulphate  and  organic 
matter  as  impurities.  If  necessary,  it  may  be  specially 
prepared  by  adding  to  a  solution  of  bichromate  of  potash 
containing  the  requisite  quantity  of  sulphuric  acid, 
any  substances  readily  oxidised,  e.g.,  sulphurous  acid, 
oxalic  acid,  alcohol,  sugar,  starch,  glycerine,  &c.  The 
following  equation  represents  generally  the  reaction 
which  takes  place : — 

KgCr^O^  +  4  (H2SO4)  +  I7H2O  +  3H2  =  [  ?2  I  (S04)4-24H20] 
Potassium  2  ) 

dichromate.  Clu-ome  alum. 

The  organic  substances  mentioned  are  added  as 
rapidly  as  the  violent  reaction  and  effervescence  will 
permit.  The  mixture  becomes  much  heated,  and  care 
should  always  be  taken  not  to  allow  it  to  cool,  otherwise 
there  is  a  possibility  of  the  reaction  ceasing,  and  external 
heat  would  then  have  to  be  applied. 

The  following  proportions  of  ingredients  are  employed 
by  calico-printers  :  100  grams  of  KoCr.,0;,  220  grams 
of  water,  123  grams  of  H2SO4,  168°  Tw'  (Sp.  Gr.  1-84), 
24  grams  of  starch.  When  properly  made,  the  solution 
should  have  a  bluish-green  colour ;  if  olive-green,  it 
still  contains  undecomposed  bichromate  of  potash. 
Since  the  liquid  has  been  heated,  crystallisation  takes 
place  with  difficulty ;  but,  as  a  rule,  after  standing  for 
a  lengthened  period,  it  deposits  dark  purple  crystals. 
These  dissolve  in  cold  water,  with  a  dirty  bluish-violet 
colour,  but  if  the  solution  be  heated  above  70°  C,  it 
acquires  a  green  colour.  On  long  standing  the  original 
colour  returns. 

The  violet  solution  contains  the  normal  salt,  whereas 
the  green  solution  is  said  to  contain  a  mixture  of  basic 
and  acid  salts.     This  explanation  is  simpler  and  better 
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than  that  which  supposes  the  existence  of  two  modifica- 
tions of  chromium  hydrate. 

These  violet  and  green  solutions  differ  from  each  other 
in  many  of  their  reactions,  e.g.,  barium  chloride  does  not 
precipitate  the  whole  of  the  sulphuric  acid  from  the  green 
solution  at  the  ordinary  temperature,  whereas  with  the 
violet  solution  the  decomposition  is  normal ;  ammonia 
precipitates  hydrated  chromic  oxide,  Cr2(OH)6,  from  both 
solutions,  but  only  that  obtained  from  the  violet  solution 
is  soluble  in  excess  of  ammonia.  Similar  diSerences  are 
shown  by  other  chromic  salts. 

A  normal  chrome-alum  solution  is  not  decomposed 
either  by  heating  or  by  dilution. 

By  adding  calculated  amounts  of  an  alkaline  car- 
bonate or  chromium  hydrate  to  a  solution  of  the  normal 
chrome- alum,  solutions  containing  basic  chromium  sul- 
phates are  obtained,  for  example,  such  as  are  represented 
by  the  following  formulae  : — 

Cr„(S04)2(OH)2,  Cr4(S04)3(OH)s,  Cr2(SO,)(OH)4. 

Such  solutions  will,  of  course,  contain  also  potassium 
and  sodium  sulphate.  Unlike  those  of  the  corresponding 
aluminium  compounds,  they  show  no  sign  of  dissociation 
on  heating  (Liechti  and  Suida). 

Dissociation  by  dilution  is  accelerated  the  more  basic 
the  salt  is,  e.g..,  a  solution  containing  Cr2(S04)o(OH)c  must 
be  diluted  85-fold  before  precipitation  ensues,  whereas 
Cro(SOJ  (OH)^  requires  only  I'B-fold  dilution;  but  in  all 
cases  the  precipitation  is  not  complete.  The  presence  of 
sodium  sulphate  makes  the  solution  less  sensitive  to  dis- 
sociation by  dilution.  Parallel  with  these  facts  are  those 
which  refer  to  the  behaviour  of  chrome-alum  solutions  to 
the  fibre  ;  with  increase  of  basicity  a  larger  amount  of 
chromic  oxide  is  deposited  on  the  fibre  by  the  operations 
of  impregnation,  drying,  and  ageing.  A  solution  of 
Twrmal  chrome-alum  containing  224*6  grams  per  litre 
{i.e.,  an  amount  equivalent  to  150  grams  of  aluminium, 
sulphate     per     litre)     deposits     on     the     cotton     fibre 
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1-8  per  cent,  of  the  chromic  oxide  presented  to  it,  an 
equivalent  solution  of  the  basic  chrome-alum  containing 
Cr.^SO^(OH)^  (made  from  chrome-alum  and  sodium 
carbonate)  gives  up  87 '5  per  cent,  of  the  available 
chromic  oxide.  The  presence  of  sodium  sulphate  in 
the  solution  hindei*s  this  deposition  of  mordant  con- 
siderably. 

A  solution  of  chrome-alum  is  precipitated  on  the  ad- 
dition of  sodium  hydrate  or  ammonia,  but  the  precipitate 
redissolves  in  an  excess  of  the  precipitant.  The  alkaline 
solutions  thus  obtained  are  precipitated  on  boiling.  The 
precipitates  caused  by  sodium  carbonate,  phosphate,  and 
silicate  are  not  redissolved  in  excess. 

The  basic  salt  Cr^(S0^)3(0H)g  behaves  towards  these 
reagents  in  a  similar  manner.  It  is  remarkable  that 
some  of  the  basic  sulphates  are  precipitated  on  the  addi- 
tion of  acetic  acid  or  sodium  acetate. 

The  most  basic  salt  solution  obtainable  by  neutral- 
ising chrome -alum  with  sodium  carbonate  contains 
Cr,SO^(OH)^,  thus  : 

[K2Cr.:(S04:4-24H20]    +   2X3X03   -\-    2K,0  =  Cr,S04(0H^4  + 
Cliroiatt-alvun.  Sodium  Basic 

carbonate.  chromium  sulphate. 

+  K2SO4  -I-  2^x•S04  -I-  2CO2  -f-  24H2O. 

The  presence  of  sodium  sulphate  makes  the  solution 
less  sensitive  to  dissociation  by  dilution.  This  retarding 
influence  is  already  seen  from  the  fact  that  the  most  basic 
salt  obtainable  by  neuti^alising  chrome-alum  with  sodium 
carbonate  is  CroSO^(OH)^,  while  if  the  chrome-alum  is 
neuti-alised  by  adding  chromic  hydrate,  the  most  basic 
salt  obtainable  is  Cr^fSO^jofOH)^  (Liechti  and  Suida). 

161.  Chromium  Sulphate  [Cro( 804)3]  °iay  be  prepared 
by  dissolving  hydrated  chromic  oxide  in  sulphuric  acid. 
Violet  and  gi-een  solutions  exist.  Basic  salts  are  prepared 
bv  neuti-alising  solutions  of  the  normal  salt  with  chromic 
hydrate  or  sodium  carbonate.  The  most  basic  salt  which 
can  be  prepared  by  the  latter  means  is   Cr^(S0^)3(0H)g 
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which  decomposes  spontaneously  after  standing  for  three 
months. 

2Cr2(SO,)3  +  SXasCOa  +  SHgO  =  Cr4(S04)3(OH)g  +  3NaoSO,  + 

Normal  Sclium  Basic  So  timn 

chromium  carbonate.  ckromium  sulpliate.     sulphate, 

sulphate. 

+  3CO2. 

With  the  use  of  chromic  hydrate,  the  most  basic  salt 
obtainable  is  Cr2(S04)2(OH)2,  thus  : 

2Cr2(S04)3  +  Cr,(OH)e  =  3Cr2(SO,)2(OHo). 
Chromic  Basic 

hydrate.        chromium  sulphate. 

In  the  first  case  the  neutralising  can  be  pushed  to  a 
further  limit  because  there  the  presence  of  the  sodium 
sulphate  tends  to  retard  the  dissociation  of  the  basic  salt. 
Neither  of  these  is  so  basic  as  the  solutions  similarly 
obtained  from  chrome-aluni.  Both  the  normal  and  the 
basic  chromium  sulphates  behave  in  respect  of  dissociation 
by  heating  and  by  dilution,  like  the  corresponding  chrome- 
alum  solutions ;  the  same  may  be  said  of  their  behaviour 
with  sodium  hydrate,  ammonia,  sodium  carbonate,  phos- 
phate, and  silicate. 

A  solution  of  normal  chromium  sulphate  (equivalent 
to  224-6  grams  of  chrome-alum  per  litre)  deposits  12-8  per 
cent,  of  the  available  CrjO.^  on  the  cotton  fibre  by  the 
operations  of  impregnation,  drying,  and  ageing  ;  an  equi- 
valent solution  of  the  basic  salt  Cr_^(S0.^)3(0H)g  made 
from  chromium  sulphate  and  sodium  carbonate  yields 
to  the  fibre  86-4  per  cent,  of  the  available  chromic  oxide. 
Although  these  solutions  of  pure  chromium  sulphate 
cannot  be  made  as  basic  as  those  of  chrome-alum,  they 
give  up  practically  the  same  amount  of  chromium  oxide 
to  the  fibre  under  the  above  conditions,  because  they  are 
more  sensitive  (Liechti  and  Suida). 

162.  Chromium  Acetate. — A  solution  of  the  normal 
salt  [Cr.^(C,,H30,,)J  may  be  prepared  by  mixing,  in  suitable 
proportions,    solutions    of    lead    acetate    and    chromium 
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solDhate  or  chrome-alum ;  in  the  latter  case,  of  course, 
potassium  sulphate  is  present. 

[^'  I  (S04)4-24H,0]    4-    3|Tb  aH302\-3H20]  =  Cr^C^^Mt 
^2  ]  Jjead  acetate.  Ctiroininm 

Chrome  alma.  acetate. 

+  3PbS04  +  K2SO4  +  asHoO. 

It  is  both  interesting  and  remarkable  that  a  solution 
of  normal  chromium  acetate,  prepared  as  ab'cve  indicated, 
is  not  dissociated  on  boiling,  however  much  diluted  the 
solution  may  be.  It  is  not  precipitated  in  the  cold  by 
caustic  alkalis,  alkaline  carbonates,  phosphates,  and  sili- 
cates, anunoniacal  soap,  or  sulphated-oil  solutions,  but  on 
hoUing  with  these  additions,  complete  precipitation  is 
effected.  The  duration  of  the  boiling  necessary  to  cause 
decomposition  varies  with  the  amount  of  dilution,  and 
if  the  addition  made  be  phosphate  of  soda,  very  long 
boiling  is  required  (Liechti  and  Suida). 

A  solution  of  pure  chromium  acetate  can  be  evapo- 
rated to  dryness,  and  be  even  heated  to  230''  C,  it  is 
said,  without  losing  its  solubility. 

If  a  freshly  prepared  violet  solution  of  normal  chro- 
mium acetate  be  boiled,  it  becomes  greenish- violet,  and  if 
basic  salts  are  made  from  this  by  the  addition  of  sodium 
carbonate,  they  soon  decompose.  A  similar  change  takes 
place  if  a  solution  of  the  normal  salt  is  kept  for  a  long 
time  ;  it  loses  its  violet  colour,  and  is  then  readily  precipi- 
tated by  sodium  carbonate  on  heating.  Somewhat  less 
sensitive  basic  mordants  are  obtained,  if  the  sodium  car- 
bonate is  added  in  two  poitions,  and  the  liquid  is  gently 
heated  after  the  first  addition. 

On  the  contrary,  if  from  a  freshJy  prepared  violet 
solution  of  normal  chromium  acetate,  basic  solutions  are 
made  by  adding  sodium  carbonate,  such  solutions  retain 
the  violet  colour  ;  they  may  be  kept  for  a  long  time,  and 
may  even  be  heated  gradually  to  the  boiling  poiut  with- 
out undergoing  decomposition.  If,  however,  after  long 
keeping,  a  very  slight  further  addition  of  sodium  carbon- 
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ate  is  made,  complete  decomposition  takes  place  at  once 
on  boiling  the  solution. 

^  Solutions  of  basic  acetates  may  be  obtained  by  makin<r 
suitable  additions  of  an  alkaline  carbonate  to  solutions  of 
the  normal  salt,  or  by  adding  lead  acetate  to  solutions  of 
basic  chromium  sulphates.  It  is  possible  even  to  make 
a  solution  so  basic  that  it  contains  three  molecules  of 
sodium  carbonate  to  one  of  chromium  acetate. 

It  is  an  interesting  fact  that  the  more  basic  a  chro- 
miuDD  acetate  is,  the  more  lead  saljjhate  it  can  hold  in 
solution.  On  the  addition  of  acetic  acid  it  is  precipitated. 
The  presence  of  sodium  acetate  also  causes  lead  sulphate 
to  be  dissolved,  but  in  this  case  an  addition  of  acetic  acid 
does  not  precipitate  it  (Liechti  and  Suida). 

The  basic  chromium  acetates  are  not  dissociated  by 
dilution,  and  only  the  most  basic  dissociate  on  heating  ;  a 
solution,  for  example,  of  the  basic  salt  Cro(C.-,H30o)^(OH)2 
(made  from  basic  chromium  sulphate  and"lea~d  acetate,  and 
equivalent  to  22^-6  gi^ams  of  chrome-alum  per  litre)  is  not 
dissociated  on  heating,  unless  it  be  diluted  75-fold.  It 
yields  to  the  cotton  fibre  by  the  operations  of  impregna- 
tion, drying  and  ageing,  29-5  per  cent,  of  the  avaikble 
chromic  oxide.     The  more  basic  salt  Cro(CoH30o).3(OB[)3 

made  in  the  same  way,  dissociates  when  "heated  to' 80^ 

90^  C,  and  gives  up  to  the  cotton  fibre  66  per  cent,  of  the 
chromic  oxide  presented  to  it.  An  equivalent  solution  of 
iiormal  chromium  acetate  yields  only  8-4  per  cent,  of  the 
available  chromic  oxide  to  the  fibre  when  similarly  ajDplied. 
163.  Chromium  Sulphate -Acetate. —Solutions  of 
these  are  prepared  by  adding  to  a  solution  of  chrome- 
alum  such  amounts  of  lead  acetate  as  are  insufficient  to 
cause  complete  decomposition.  They  bear,  to  a  certain 
extent,  the  character  of  solutions  of  chromium  acetate, 
not  being  afi*ected  in  the  cold  by  the  ordinaiy  precipi- 
tants,  but  only  on  heating.  Basic  salts  are  made  in  the 
same  way,  substituting  basic  chromium  sulphates  for 
chrome-alum.  Only  the  most  basic  show  signs  of  disso- 
ciation on  heating  or  dilutino-. 


"6     ^-^      V4^ULiXl-. 
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164.  Chromium  Nitrate  and  Chromium  Chloride  are 
prepared  by  the  doable  decomposition  of  solutions  of 
chrome-alum  with  lead  nitrate  and  barium  chloride  re- 
spectively. 

Solutions  of  basic  salts  are  prepared  by  making 
suitable  additions  of  an  alkaline  carbonate.  These 
solutions,  on  diluting  and  heating,  behave  very  similarly 
-to  the  corresponding  solutions  of  chromium  sulphate,  i.e., 
they  are  not  readily  dissociated.  The  nitrate  seems  to  be 
the  most  susceptible,  and  the  sulphate  the  least,  while 
the  ch]ori<le  holds  an  intermediate  place. 

165.  Chromium  Nitrate-Acetate. — Solutions  of  this 
salt  may  be  made  by  mixing  together  solutions  of  chrome- 
alum  or  chromium  sulphate,  lead  nitrate,  and  lead  acetate. 

Cr2(S04)3  -I-  Pb:X03)2  +  2[Pb(C2H30,)o-3H20]  = 
Xiead  nitrate.  Lead  acetate. 

=  OsG^Os  2(C2H302)4  -\-  3PbS04  -I-  6H2O. 
Normal 
chromium  nitrate-acetate. 

Basic  salts   are  prepared  by  adding  sodium  carbonate  to 
solutions  of  the  normal  salt. 

A  veiy  suitable  method  of  preparing  solutions  of  basic 
salt  is  to  reduce  bichromate  of  potash  with  glycerine, 
the  requisite  amounts  of  nitric  and  acetic  acid  being  also 
added,  thus : 

2X20-207  -f  6HNO3  -1-  4C0H4O2  -f  6H2  =  4KXO3  -\- 

Acetie  acid. 

-f2Cr2(^03^  (aH302)o(OH)3+  SH2O. 
Basic 
chromium  nitrate-acetate. 

Dissolve  100  grams  of  bichromate  of  potash  in  1-50 
grams  of  warm  water,  then  add  131  grams  of  nitric  acid, 
64°  Tw.  (Sp.  Gr.  1-32)  ;  cool  the  solution  a  little,  and 
add  gradually  a  mixture  of  29  gi-ams  of  glycerine  and  134 
grams  of  acetic  acid,  10^  Tw.  (Sp.  Gr.  1-05).  The  solu- 
tion obtained  may  be  evaporated  a  little  and  cooled,  in 
order  to  allow  the  potassium  nitrate  to  crystallise  out. 

166.  Chromium    Thiocyanate. — A  solution  of  the 
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normal  salt  Cro(CNS)g  is  prepared  by  mixing  together 
solutions  of  normal  chromium  sulphate  and  barium 
thiocyanate.  With  solutions  of  sodium  hydrate,  am- 
monia, sodium  carbonate,  and  phosphate,  it  behaves  very 
like  a  chrome-alum  solution.  Basic  salts  are  prepared  by 
adding  sodium  carbonate  to  a  solution  of  the  normal  salt. 
The  most  basic  salt  Cr2(CNS)(0H)-  decomposes  after  a 
few  hours'  standing,  but  the  rest  are  quite  stable. 

The  chromium  thiocyanate  solutions  are  not  dis- 
sociated either  by  boiling  or  by  dilution ;  if,  however,  di- 
luted excessively,  and  then  boiled  or  allowed  to  stand  for 
a  long  time,  some  of  the  more  basic  salts  dissociate. 

A  solution  of  the  basic  salt  Cr2(CNS)o(OH)^  (equiva- 
lent to  224-6  grams  of  chrome-alum  per  litre)  gives  up  33*6 
per  cent,  of  the  available  chromic  oxide  to  the  cotton  fibre 
by  the  operations  of  impregnation,  drying,  and  ageing. 
In  this  respect  chromium  thiocyanate  is  much  behind 
chrome-alum  and  chromium  sulphate. 

167.  Alkaline  Chromium  Mordants. — In  considering 
the  previous  mordants,  it  has  been  stated  that  sodium 
hydrate,  and  ammonia  precipitate  their  solutions,  and 
that  an  excess  of  the  precipitant  redissolves  in  the  cold 
the  precipitate  at  first  formed.  Chromium  hydrate  may 
also  be  precipitated  from  a  solution  of  chrome  alum  by 
sodium  carbonate,  then  washed  and  dissolved  in  a  cold 
concentrated  solution  of  caustic  soda.  Such  alkaline 
solutions  of  chromic  hydrate  are  prone  to  decompose 
spontaneously,  but  the  more  alkaline  the  solutions,  the 
less  liable  they  are  to  do  this,  and  it  is  quite  possible  to 
use  them  for  the  purpose  of  mordanting  cotton. 

168.  Application  of  the  Chromium  Salts  to  Cotton. — 
The  great  importance  of  chromic  oxide  as  a  mordant  for 
cotton,  and  the  stability  of  its  lakes,  have  long  been 
recognised,  but  until  recently  no  very  satisfactory  methods 
of  fixing  it  simply,  and  in  sufiicient  quantity  upon  the 
fibre,  were  recognised. 

Chromium  nitrate,  sulphate,  nitrate-acetate,  and  ace- 
tate have  been  much  used  by  the  calico-printer  for  steam- 
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colours,  e.g.,  for  blacks,  browns,  oliTes,  <fcc.,  the  colour- 
ing matters  used  in  coe junction  vrith  tliem  being,  as  a 
rule,  decoctions  of  Logwood,  Quercitron  Bark,  Sajmn- 
wood,  Alizarin,  <tc. 

The  method  of  impregnating  the  cotton  with  the 
chromium  solution  and  steaming  seemed  indeed  as  if  it 
might  be  the  only  method  of  fixing  an  adequat-e  amount  of 
mordant  on  the  fibre  for  pui-poses  of  dyeing,  since  the  ordi- 
nary methods  of  precipitation  employed  with  the  aluminium 
and  iron  mordants  give  only  very  indifferent  resTilts, 

Satisfactory  results  are,  however,  obtained  by  adopt- 
ing the  method  proposed  by  H.  Kochlin.  The  cotton  is 
impregnated  with  the  chromium  solution,  dried,  and  then 
passed  through  a  boiling  solution  of  carbonate  of  soda 
(100  grams  per  litre).  Solutions  of  the  basic  sulphate, 
Cr^(SO  J3(0H)6,  and  the  basic  nitrate,  Cr2(X02)3(OH)5,  give 
the  best  result ;  then  follows  the  basic  nitrate-acetate, 
Cr2XOs(C.H30.);(OH)s  ;  but  all  the  chromium  salts,  even 
the  normal  ones,  allow  a  satisfactory  amount  of  mordant 
to  be  precipitated  upon  the  fibre  by  this  method-  If  the 
temperature  of  the  soda  solution  is  below  the  boiling 
point,  or  if  phosphate  of  soda,  <tc,  be  substituted  for  the 
carl»onate,  the  results  obtained  on  dyeing  are  not  so 
good.  With  regard  to  tliis  last  point,  it  is  quite  possible 
that  the  difference  may  be  caused  through  the  precipitated 
chromic  phosphate  not  possessing  such  a  power  of  attract- 
inar  colourinof  matter  as  hvdrated  chromic  oxide. 

If  the  cotton  before  being  impregnated  with  the 
chromium  solution  is  prepared  -with  ammoniacal  sul- 
phated  oil  (100  grams  per  litre),  the  results  obtained 
on  dyeing  are  still  further  improved.  In  this  case 
gi'ound  chalk  suspended  in  wat^r  may  be  substituted  for 
the  soda  solution,  and  with  equally  good  results. 

Liechti  and  Schur  have  shown  that  a  solution  of 
chromium  acetate  or  nitrate-acetate,  is  not  precipitated 
by  addition  of  an  alkali  in  the  cold,  but  only  on  heating, 
and  point  out  that  this  fact  is  capable  of  being  applied  by 
the  calico-printer  for  steam-colours.     The  printLng-colonr 
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may  be  made  by  mixing  in  the  cold,  suitable  proportions  of 
chromium  nitrate-acetate,  sodium  carbonate,  and  colouring 
matter.  Good  results  are  obtained,  for  example,  with 
such  colouring  matters  as  Logwood  extract  and  Alizarin, 
the  cliief  difficulty  being  apparently  that  the  mixture  is 
apt  to  decompose  and  become  gelatinous  on  standing. 

The  following  are  the  proportions  of  ingredients  of 
a  steam-alizarin-chocolate  mixture  given  by  Liechti  and 
Schur : — 

100  cubic  centimetres  of  basic  chromium-iiitrate-acetate  58°  Tw. 

(Sp.  Gr.  1-29). 
250  grams  of  alizarin  (10  per  cent,  paste). 

25        „         ammonia  (20  per  cent.). 

11        „         sodium  carbonate  crystals. 

Make  up  to  one  litre  with  water. 

More  recently  H.  KSchlin  has  observed  that  cellulose 
possesses  the  property  of  attracting  chromic  oxide  by 
mere  steeping  for  several  hours  in  an  alkaline  solution 
of  chromium  acetate.  The  following  is  the  solution 
recommended  :  100  grams  of  chromium  acetate,  23°  Tw. 
(Sp.  Gr.  1-115),  100  grams  of  caustic  soda,  66°  Tw. 
(Sp.  Gr.  1*33),  50  grams  of  water.  Cotton  may  be  mor- 
danted by  steeping  in  this  solution  for  twelve  hours  : 
after  washing  it  is  ready  for  dyeing.  In  practice,  how- 
ever, the  method  of  drying,  quick  stemming,  and  washing, 
is  preferred.  The  chromic  oxide  fixed  on  the  cotton  is 
said  to  be  still  combined  with  soda,  forming,  as  it  were, 
an  acid  chromite  of  soda. 

Another  method  adopted  by  the  calico-printer,  but 
capable  of  wider  application,  is  to  print  or  pad  the  calico 
in  a  solution  containing  potassium  dichromate,  sodium 
thiosidphate,  and  magnesium  acetate.  At  the  ordinary 
temperature,  and  without  access  of  light,  these  various 
salts  do  not  react  u])on  each  other,  but  if  the  printed  or 
padded  cloth,  after  drying,  is  steamed,  under  the  influence 
of  the  magnesium  acetate,  reduction  of  the  potassium 
dichromate  by  the  thiosulphate  takes  place,  and  chromic 
oxide  is  deposited  upon  the  fibre. 
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169.  ApY>li'C<itwn  to  Wool. — The  only  chromium  salt 
(other  than  bichromate  of  potash)  which  seems  to  have 
been  used  as  a  mordant  for  wool  is  chrome-alum.  It  is 
capable  of  gi^T-Cg  good  results,  but  it  requires  the 
addition  of  somewhat  large  amounts  of  cream  of 
tartar  to  the  mordanting  bath,  in  order  to  render  the 
latter  proi>erlj  effective.  In  any  case  its  mordanting 
power  is  by  no  means  equal  to  that  of  an  equivalent 
quantity  of  bichromate  of  potasL 

In  those  cases  where  the  oxidising  action  of  bichro- 
mate of  potash  acts  injuriously  upon  the  colouring  matter 
employed,  the  use  of  chrome-alum  in  its  stead  might  cer- 
tainly l>e  recommended,  but  for  the  great  majority  of  cases 
it  has  no  advantages  over  its  more  successful  rival. 

It  is  possible  that  some  of  the  basic  salts  of  chromium 
may  mordant  wool  better  than  the  normal  ones,  but  it 
will  Ije  difficult  for  them  to  supplant  bichromate  of 
potash. 

170.  AppJi'Cation  to  Silk. — The  chromium  salts  in 
which  the  chromium  acts  as  a  base  have  hitherto  found 
little  or  no  use  in  silk  dyeing.  They  are,  however,  well 
wcnrtli  the  attention  of  the  dyer. 

COPPER   MORDAKTS. 

The  use  of  copper  salts  as  mordants  is  unimportant ; 
in  most  of  the  cases  where  they  are  employed  by  the 
textile  colourist,  they  serve  principally  as  oxidising 
agents. 

171.  CJopper  Sulphate  (CuS04-5H20)  is  manufac- 
tured in  large  quantities  by  roasting  copper  pyrites  or 
other  ores  containing  copper,  and  subs€?quently  heating 
them  with  sulpliuric  acid.  Purification  from  iron  is 
generally  effected  by  first  precipitating  the  whole  of  the 
copper  from  the  impure  solutions  by  means  of  iron,  and 
then  re-dissolving  it  in  dilute  sulphuric  acid.  To  the 
dyer,  copper  sulphate  is  well  known  under  the  names 
"  blue- vitriol,"  "  blue-stone,"  <fec. 

Several  insoluble  basic  sulphates  are  knownu 


Chap.  XI.]  COPPER    MORDANTS.  223 

172.  Copper  Nitrate  [Cu(X03)o-3H.O]  is  obtained  in 
solution  by  dissolving  copper  or  copper  oxide  in  nitric 
acid,  or  by  the  double  decomposition  of  solutions  of 
copper  sulphate  and  lead  nitrate.  On  evaporating  the 
solution  deliquescent  crystals  are  obtained.  In  the 
diy  state  it  is  of  a  very  unstable  nature,  and  possesses 
stroncr  oxidising  properties. 

173.  Cupric  Chloride  (CuCL,-2H20)  is  obtained  in 
solution  by  dissolving  copper  oxide  or  carbonate  in  hy- 
drochloric acid.  In  the  crystalline  state  it  is  very  deli- 
quescent.    Insoluble  basic  cupric  chlorides  are  known. 

174.  Copper  Acetate. — The  normal  salt  having  the 
formula  [Cu(C._,H30.,)2.H..O]  is  obtained  in  solution  by  di.s- 
solvinghydrated  co^Dper  oxide  or  carbonate  in  acetic  acid,  or 
by  the  double  decomposition  of  copper  sulphate  and  lead 
acetate  solutions.  In  the  crystalline  state  it  effloresces 
when  exposed  to  the  air.  It  is  very  soluble  in  water. 
Of  basic  copper  acetates  the  best  known  is  "  blue 
verdigris  "  [Cu,0(aH30o),-6H,0]. 

175.  Copper  Sulphide  (CuS)  is  obtained  as  a  black 
precipitate  by  the  double  decomposition  of  copper  sul- 
phate and  sodium  sulphide  solutions. 

176.  Application  of  the  Copper  Salts  to  Cotton. — 
All  the  above  copper  salts  are  used  on  account  of  their 
oxidising  properties.  In  this  respect  the  nitrate  is  the 
most  energetic.  They  enter,  for  example,  into  the  com- 
position of  several  calico-printing  colours  containing 
Catechu,  e.g.,  madder  browns  ;  also  in  steam-colours  con- 
taining colouring  principles  whose  colouring  power  is 
developed  by  oxidation,  e.g.,  decoctions  of  Logwood, 
Sapanwood,  kc.  Copper  sulphate  and  nitrate  have  also 
been  u.sed  in  printing-colours  intended  to  resist  the 
fixing  of  indigo-vat-blue  on  calico,  in  which  case  they 
oxidise  and  precipitate  the  indigo  before  the  reduced 
indigo  solution  can  reach  the  fibre. 

The  cotton  dyer  frequently  adds  copper  sulphate 
in  small  quantity  to  the  catechu  decoction  used  for  pro- 
ducing catechu  browns  {see  p.  369),  and  it  is  occasionally 


224  DYEING   OF    TEXTILE    FABRICS.  [Cliap.  XL 

employed   as  an  oxidising  agent   in  the    production  of 
certain  logwood  blacks. 

Copper  sulphide  forms  a  usual  constituent  of  the 
aniline  black  printing -colour  of  the  calico-printer. 
During  the  ageing  process  it  is  changed  into  copper 
sulphate,  which  assists  in  the  oxidation  of  the  aniline  salt. 

177.  Application  to  Wool. — Copper  sulphate  may  be 
used  as  a  veritable  mordant  in  wool-dyeing,  and  be  applied 
after  the  boilinor  of  the  wool  with  the  colourino^  matter  as 
a  so-called  *•  saddening  '"'  agent,  Very  often  it  is  used  in 
this  manner  along  with  ferrous  sulphate.  In  conjunction 
with  cream  of  tartar,  it  may  certainly  be  applied  in  the 
ordinary  manner,  i.e.,  previous  to  boiling  with  the  solu- 
tion of  colouring  matter,  but  the  colours  thus  produced 
possess  no  superiority  over  those  obtained  by  the  use  of 
other  cheaper  mordants,  e.g.,  bichi'omate  of  potash. 

178.  Application  to  Silk. — Cof»per  salts  were  for- 
merly used  in  conjunction  with  Logwood  for  obtaining 
imitation  indigo  blues.  At  present  they  are  occasionally 
used  as  "  saddening  "  agents,  and  to  give  a  particular  tone 
of  colour  to  certain  blacks. 

LEAD    MOEDASTS. 

179.  Lead  Acetate  [Pb(C2H30.)2-3H20],  known  also 
as  "  white  sugar  of  lead,"  is  prepared  by  dissolving  the 
requisite  amount  of  litharge  (PbO)  in  acetic  acid,  and 
evapoi^ting  the  solution  to  crystallisation,  "  Brown 
sugar  of  lead  "  is  prepared  in  the  same  way,  substituting 
crude  acetic  acid  or  pyroligneous  acid  for  the  purer  acid. 

A  solution  of  the  basic  lead  acetate,  (C2H.302)2Pb^O-H20, 
is  obtained  by  dissolving  the  calculated  amount  of 
litharge  in  a  solution  of  the  normal  acetate.  By  using 
excess  of  litharge,  a  still  more  basic  solution  is  obtained. 
Both  solutions  soon  become  milky  through  absorption  of 
carbonic  acid  from  the  air. 

180.  Lead  Nitrate  [PbfXOg),]  is  prepared  in  a  similar 
manner  by  dissolving  litharge  in  hot  dilute  nitric  acid. 
It  fiiequently  contains  copper  as  an  impurity.    A  solution 
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of  basic  nitrate  of  lead  [Pb(]Sr03)(0H)]  is  obtained  by 
boilinsr  a  solution  of  the  normal  salt  with  the  calculated 
amount  of  litharge. 

Application  of  lead  salts  to  the  fibres. — The  above 
salts  are  used  both  by  the  calico-printer  and  the 
cotton-dyer  for  the  production  of  orange  and  yellow 
colours.  The  cotton  is  printed  or  impregnated  with 
a  solution  of  the  lead  salt,  and  afterwards  passed  into 
a  solution  of  bichromate  of  potash.  With  the  calico- 
printer,  steaming  of  the  dried  printed  fabric  and  fixing 
of  the  lead  as  lead  sulphate,  by  means  of  sodium 
sulphate,  may  intervene ;  with  the  cotton- dyer  these 
operations  are  replaced  by  passing  the  cotton  impregnated 
with  lead  salt  into  a  bath  containing  milk  of  lime  or 
ammonia.  In  the  colour  produced,  the  lead  oxide  fixed 
on  the  fibre  may  fairly  be  considered  to  act  as  the  mor- 
dant, and  the  bichromate  of  potash,  or  chromic  acid,  as 
the  colouring  matter. 

Basic  lead  acetate  is  used  for  the  weighting  of  white 
silk. 

The  great  defect  of  lead  colours  is  that  they  are 
poisonous,  and  are  blackened  when  exposed  to  the  action 
of  sulphuretted  hydrogen. 

MANGANESE    MORDANTS. 

Although  hydrated  manganese  oxides  may  act  as 
mordants,  manganese  salts  have  not  hitherto  been  em- 
ployed by  the  dyer  for  this  purpose. 

181.  Manganous  Chloride  [MnCl2"4H20,]  obtained 
as  a  by-product  when  dissolving  manganese  dioxide 
in  hydrochloric  acid  for  the  production  of  chlorine,  is 
used  in  dyeing  cotton  manganese  brown  or  bronze.  The 
cotton  is  impregnated  with  a  solution  of  manganous 
chloride,  then  submitted  to  the  action  of  ammonia  or 
passed  through  a  boiling  solution  of  caustic  soda,  and  the 
manganous  hydrate  thus  precipitated  is  oxidised  to  form 
brown  manganic  hydrate  either  by  exposing  the  cotton 
to  air  or  by  passing  it  through  a  dilute  solution  of  bleach- 
p 
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mg -powder.  Cotton  thus  dyed  brown  may  be  further 
treated  with  solutions  of  various  aromatic  amines,  e.g., 
sulphates  of  aniline,  naphthylamine,  d:c.,  for  the  pro- 
duction of  fast  aniline  black,  naphthylamine  brown,  ic. 
In  this  case  the  manganic  oxide  acts,  not  as  a  mordant, 
but  as  an  oxidisino;  agent  towards  the  ors^anic  salts. 

182.  Potassium  Permanganate  [KMnOJ  is  pre- 
pared by  heating  a  mixture  of  manganese  dioxide, 
potassium  chlorate  and  caustic  potash,  and  extracting 
the  sintered  mass  with  water.  On  account  of  its  power- 
ful oxidising  properties,  it  has  been  proposed  as  a  bleach- 
ing-agent  for  cotton,  wool,  and  silk.  Its  application  in 
this  direction  has,  however,  met  with  little  success. 

SULPHUB   AS    A   MORDANT. 

183.  It  has  been  observed  by  Lauth  that  when 
wool  is  boiled  with  a  solution  of  thiosulphate  of  soda 
(Na^SoOg'oH^O)  (generally  called  hyposulphite  of  soda), 
to  which  a  mineral  acid  has  been  added,  the  fibre 
undergoes  a  peculiar  change.  It  loses  its  elasticity,  and 
becomes  soft  and  contracted.  Amorphous  sulphur  is, 
indeed,  precipitated  upon  the  fibre,  and  thus  imparts  to  it 
a  special  attraction  for  certain  basic  coal-tar  colouring 
matters.  This  property  has  been  made  use  of  in  practice 
in  dyeing  with  ^Methyl  and  Malachite  Greens,  for  which 
(more  particularly  the  former)  wool  has  little  affinity. 
Experiment  proves  that  only  that  modification  of  sulphur 
which  is  insoluble  in  carbon  disulphide  can  act  as  a 
mordant  in  this  way. 

SILICA    AS    A    MORDANT. 

184.  It  has  been  observed  that  if  cotton  or  wool  be 
impregnated  with  a  solution  of  silicate  of  soda,  and  then 
passed  into  dilute  mineral  acid,  so  as  to  precipitate 
silica  upon  the  fibre,  they  dye  up  very  well  in  solutions  of 
certain  coal-tar  colouring  matters,  for  which  they  have 
naturally  little  or  no  attraction.  It  has  been  found,  too, 
that    precipitated    silica    has    the    power   of   attracting 
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alumina   and   other   mordants,    and   can  then  be  dyed 
much  in  the  same  way  as  mordanted  cotton  can. 

TANNIC   ACID    AS    A   MORDANT   AND    AS    A   FIXING-AGENT 
FOR    MORDANTS. 

185.  Tannic  Acid  is  the  name  given  to  a  certain 
astringent  principle  found  in  Gall  -  nuts,  Sumach, 
Myrabolams,  and  other  vegetable  products,  which  are 
largely  used  by  the  textile  colourist. 

It  is  readily  extracted  from  the  above  substances  by 
means  of  a  mixture  of  alcohol  and  ether.  In  its  i)ure 
state,  it  appears  as  an  amoi^phous,  colourless  powder, 
very  soluble  in  water,  and  possessing  a  strong  astringent 
taste  and  an  acid  character. 

Its  employment  by  the  dyer  depends  upon  the  fol- 
lowing properties  : — 

1.  Towards  colouring  matters  of  a  basic  character — 
e.g.  J  Magenta,  Malachite  Green,  &c. — tannic  acid  acts  the 
part  of  a  mordant,  as  truly  as  alumina  does  towards  such 
phenolic  colouring  matters  as  Alizarin,  since  it  combines 
with  the  colourless  base  they  contain,  to  produce  an 
insoluble  coloured  lake  or  pigment.  During  the  precipi- 
tation of  the  solution  of  a  basic  colouring  matter  by 
tannic  acid,  there  is  always  a  liberation  of  the  hydro- 
chloric acid  or  other  acid  in  combination  with  the  colour- 
base.  J.  Kochlin  has  noticed,  for  example,  that  the 
addition  of  an  alkali — e.g.,  carbonate  of  soda — to  the 
mixture,  facilitates  the  precipitation  and  renders  it  more 
complete.  For  the  production  of  a  tannic  acid  lake,  it  is 
not  at  all  essential  that  the  tannic  acid  should  be  in  the 
free  state.  Insoluble  metallic  tannates  possess  an  equal, 
if  not  greater,  attraction  for  basic  colouring  matters. 
The  presence  of  the  metallic  oxide  facilitates  the  decom- 
position by  reason  of  a  portion  neutralising  the  liberated 
acid  of  the  colouring  matter,  and  it  is  probable  that  a 
very  insoluble  dibasic  compound  (tannate  of  antimony 
and  colour-base)  is  produced.  The  use  of  an  insoluble 
metallic  tannate  prevents  the   colour-lake  formed  on  the 
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fibre  from  being  re-dissolved  during  the  process  of  dyeing 
or  of  final  washing,  either  by  excess  of  tannic  acid  or  colour- 
ing matter.  It  is  well  known  that  excess  of  tannic  acid 
gives  soluble  compounds  with  basic  colouring  matters,  a 
fact  which  makes  it  necessary  to  apply  to  the  cotton  fibre, 
first  the  exact  amount  of  tannic  acid  requisite,  and  then 
the  colouring  matter. 

2.  Just  as  tannic  acid  can  produce  insoluble  com- 
pounds with  organic  colour-bases,  so  it  does  with 
iiiorganic  bases,  e.g.,  alumina,  ferric  oxide,  stannic  oxide, 
&c.  These  bases  act,  as  we  know,  as  mordants  for 
colouring  matters  of  an  acid  character  (Alizarin,  &c.), 
and  whether  they  be  in  the  form  of  hydrates  or  combined 
with  tannic  acid  (or  other  acids,  e.g.,  phosphoric,  arsenic 
acid,  &c.),  they  still  have  the  power  of  attracting  such 
colouring  matters  to  produce  coloured  lakes.  It  is  on 
this  account  that  tannic  acid  is  frequently  employed  as 
a  precipitant,  or  "  fixing  agent,"  for  such  mordants  as 
those  of  aluminium,  tin,  and  iron. 

3.  The  tannic  acid  compound,  obtained  with  the  iron 
mordants,  possesses  a  bluish-black  colour,  sufficiently 
intense  in  itself  to  serve  as  a  grey,  or  even  black,  dye. 
In  this  particular  connection,  tannic  acid  might  certainly 
be  considered  as  a  true  colouring  principle,  in  the  same 
sense  as  Alizarin.  In  many  cases,  however,  the  bluish- 
black  tannate  of  iron  serves  merely  to  darken  or  intensify 
the  colour  obtained  by  the  use  of  some  other  specially 
applied  colouring  matter,  fixed  either  by  reason  of  the 
tannic  acid  or  the  ferric  oxide,  and  in  such  cases,  one 
may  say,  that  the  tannate  of  iron  plays  the  double  part 
of  mordant  and  ground-colour. 

Some  of  the  fibres  possess  a  considerable  power  of 
attracting  tannic  acid  from  its  solutions  without  the  aid  of 
any  intermediary  substance.  The  amount  of  tannic  acid 
thus  fixed  by  the  cotton  fibre  depends  largely  upon  the 
concentration  of  the  solution  employed,  and,  indeed, 
cotton  well  charged  with  tannic  acid,  by  steeping  in  a 
strong  solution,  will  give  up  a  portion  of  the  tannic  acid 
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if  steeped  in  an  excessively  dilute  solution,  or  even  the 
whole  of  it  if  immersed  in  a  current  of  pure  water.  The 
attractive  power  of  the  cotton,  however,  is  much 
stronger  than  the  solvent  power  of  the  water  ;  according 
to  J.  Kochlin,  cotton  impregnated  with  tannic  acid,  bj 
steeping  in  a  solution  containing  50  grams  per  litre,  will 
even  gain  additional  tannin  if  steeped  in  a  solution  con- 
taining 20  grams  per  litre.  It  will  even  retain  the  whole 
of  its  tannic  acid  in  a  solution  containinef  as  little  as  5 
grams  per  litre,  and  will  only  begin  to  lose  tannic  acid  in 
a  solution  containing  2  grams  per  litre.  It  is  evident 
from  this  last  fact  that  it  is  not  possible  to  exhaust  a 
tannic  acid  bath — a  fact  which  has  analogies  in  dyeing 
the  woollen  fibre  with  some  coal-tar  colouring  matters. 
Cotton  attracts  tannic  acid  less  readily  from  an  alcoholic 
or  acetic  acid  solution  than  from  water. 

186.  Application  to  Cotton. — To  the  cotton-dyer 
and  calico-printer,  tannic  acid  is  one  of  the  most  useful 
substances,  whether  it  be  employed  in  the  form  of  the 
vegetable  products  containing  it  or  in  a  technically  pure 
state. 

There  are  two  methods  of  preparing  cotton  with 
tannic  acid.  The  first  consists  in  working  or  steeping  the 
cotton  in  a  tannic  acid  solution  for  a  comparatively  long 
period — the  duration  varying  with  the  concentration  of 
the  solution — and  then  removing  the  excess  of  liquid  by 
squeezing  or  wringing,  this  being  succeeded  in  some  cases 
by  drying.  The  second  method  is  that  of  padding,  which 
consists  in  simple  impregnation  with  the  solution  for  a/ew 
seconds,  then  squeezing  and  drying;  in  which  case,  the 
solutions  employed  must  contain,  at  least,  ten  times  as 
much  tannic  acid  as  those  in  the  first  method,  to  be 
equally  effective. 

In  both  methods  it  is  advantageous  to  fix  the  tannic 
acid  on  the  fibre  as  an  insoluble  compound,  so  that  the 
prepared  cotton  will  bear  washing  in  water  without  any 
of  the  tannic  acid  dissolving  off  then  or  in  any  subsequent 
bath. 
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The  drying,  and  even  subsequent  steaming,  of  tannin- 
prepared  cotton,  which  is  sometimes  adopted,  does  not 
fix  the  tannic  acid  in  such  a  manner  as  to  prevent  its 
being  abstracted  by  water;  after  these  operations,  the 
cotton  is  simply  in  a  more  suitable  state  for  passing  into 
the  fixing  bath,  since  the  latter  is  then  less  liable  to  be 
contaminated  with  tannic  acid  dissolved  from  the  cotton, 
and  stronger  colours  also  are  subsequently  obtained. 

In  the  supping  method,  the  absorption  of  tan- 
nic acid  by  the  cotton  is  somewhat  slow,  and  it  can- 
not be  accelerated  by  raising  the  temperature  of  the 
solution  beyond  50^  —  60"  C.  At  and  beyond  this 
temperature,  the  cotton  even  loses  some  of  the  tannic 
acid  which  it  takes  up  at  lower  temp^eratures.  The 
duration  of  steeping  can  be  diminished,  however,  by 
employing  stronger  solutions.  In  practice,  it  is  usual  to 
immerse  the  cotton  in  a  hot  solution,  and  to  prolong  the 
steeping,  when  possible,  during  twelve  to  twenty-four 
hours,  or  even  more,  until  the  liquid  becomes  cold.  The 
initial  heating  of  the  solution,  in  this  case,  may  have  the 
beneficial  eflect  of  driving  out  the  air  from  the  interstices 
of  the  cotton,  thus  permitting  its  more  equal  and 
thorough  penetration  by  the  liquid. 

The  steeping  method  is  adopted  by  the  cotton-yam 
dyer.  If  basic  coal -tar  colours  are  to  be  subsequently 
applied,  the  tannin  is  fixed  on  the  cotton  by  working  the 
latter  for  half  an  hour  or  more  in  a  cold  bath  of  stannic 
chloride,  4=—^^  Tw.  (Sp.  Gr.  1-02— 1-04),  or  in  a  hot 
solution  of  tartar  emetic,  5 — 20  grams  per  litre,  for 
a  few  minutes.  For  grey  or  black,  the  tannin-prepared 
cotton  is  worked  for  | — 1  hour  in  a  solution  of 
acetate  or  nitrate  of  iron,  1° — 4-Tw.  (Sp.  Gr.  1  -005 — 1  -02). 
If  the  tannic  acid  solution  contains  1  centigram  per  litre, 
a  perceptible  grey  tint  is  produced  :  with  ()b  grams  per 
litre,  and  an  immersion  lasting  one  hour,  one  metre  of 
calico  may  be  dyed  a  moderately  deep  grey  colour:  with 
20  grams  per  litre,  a  very  deep  grey ;  and  with  100  grams 
per  litre,  a  black. 
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The  drying  and  steaming  of  tannin-prepared  cotton 
yarn,  although  it  would  yield  deeper  shades,  is  avoided, 
partly  on  economical  grounds,  but  also  because  the  yarn 
would  tend  to  be  unevenly  prepared. 

The  dyer  of  calico  and  mixed  goods  (cotton  and  wool) 
adojDts,  as  a  rule,  an  unimportant  modification  of  the 
steeping  method,  using  always  cold  or  at  most  tepid 
solutions  of  tannin. 

When  plain  colours  are  required  by  the  calico-printer 
the  padding  method  is  adopted,  or  the  thickened  tannic 
acid  solution  is  printed.  After  drying,  the  padded  or 
printed  calico  is  steamed,  passed  through  tartar-emetic 
solution,  and  washed.  It  is  then  ready  for  dyeing  with 
the  requisite  coal-tar  colour  solution. 

The  following  method  is  frequently  employed  by  the 
calico-printer: — The  usual  iron,  aluminium,  or  other 
mordants  are  printed,  aged,  and  fixed  in  the  ordinary 
manner,  and  the  goods  are  then  dyed  in  a  tannin  bath 
with  the  addition  of  glue-size,  in  order  to  keep  the  un- 
pvinted  parts  (the  "whites")  unsoiled.  A  slight  soaping 
at  60°  0.  and  washing  remove  the  tannin  from  the  un- 
mordanted  portions.  The  goods  are  then  ready  for  dye- 
ing with  the  desired  colour  solutions.  In  this  method,  tlie 
ordinary  mordants  are  changed  into  tannates,  and  the  pro- 
cess admits  of  the  mordants  being  discharged  at  certain 
points  by  printing  over  them  with  acid  "  covers,"  so  as  to 
produce  a  pattern  previous  to  dyeing  with  tannin. 

Similar  effects  can  be  produced  by  printing  on  the 
calico  a  thickened  mixture  of  mordant,  tannic  acid,  and 
tartaric  acid,  drying,  steaming,  and  dyeing. 

Still  another  method  employed  by  the  printer  is  to 
print  on  the  calico  a  thickened  mixture  containing  tan- 
nic acid,  tartaric  acid,  and  coal-tar  colour  solution ;  then 
dry,  steam,  and  pass  through  tartar-emetic  solution, 
and  wash  or  boil  with  soap.  The  tartaric  acid  used  in 
the  last  two  cases  acts  as  a  solvent  for  the  compound  of 
tannic  acid  and  metallic  oxide  or  colouring  matter,  and 
prevents  the  soiling  of  the  printing-colours  by  iron. 
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In  its  capacity  as  a  fixing -agent  for  aluminium 
mordants,  tannic  acid,  in  the  form  of  Sumach,  has  long 
been  used  by  the  Turkey -red  dyer.  Its  mode  of  applica- 
tion is  given  on  page  432. 

187.  Application  to  Silk.  —  Tannin  matters  are 
largely  employed  by  the  silk-dyer,  partly  for  the  purpose 
of  adding  weight  to  the  silk,  and  partly  as  the  basis  of 
certain  black  dyes. 

Silk  is  able  to  absorb  as  much  as  15  per  cent,  of  its 
weight  fi'om  a  cold  solution  of  tannic  acid  without  its 
brilliancy  or  feel  being  injuiiously  aiiected  ;  it  seems, 
indeed,  to  cjain  sliorlitlv  in  strencrtL  From  a  hot  solution 
silk  will  gain  as  much  as  25  per  cent,  of  its  weight,  and 
this  more  rapidly  even  then  from  a  cold  solution.  At 
70°  C.  the  action  is  already  nearly  complete,  the  maximum 
effect  being  reached  a  little  below  the  boiling  point. 

Although  the  tannic  acid  seems  to  be  well  fixed,  and 
resists  washing  with  water,  a  solution  of  soap,  especially 
if  warm,  is  able  to  remove  the  whole  of  the  tannic  acid, 
leaving  the  silk  slightly  tinted,  and  with  its  origmal 
properties  more  or  less  modified. 

The  action  of  tannic  acid  on  silk  is  regarded  by  some 
as  a  chemical  one ;  it  seems,  at  any  rat-e,  to  be  similar  to 
that  which  it  has  upon  animal  skins.  Tanned  silk  does 
not  allow  endosmose  and  exosmose  to  take  pjlace  through- 
out its  substance.  This  is  well  seen  by  the  fact  that, 
whereas  raw  and  boiled -off  silk  absorb  considerable 
quantities  of  basic  ferric  sulphate  {see  p.  185),  tanned 
silk  has  to  a  large  extent  lost  this  property. 

When  tannic  acid  is  applied  to  silk  for  the  purpose  of 
yielding  a  black  dye,  the  silk  is  repeatedly  steeped 
in  tepid  solutions  of  tannic  acid  (chestnut  extract)  and 
pyrolignite  of  ii'on. 

OIL  AS  A  MORDANT  AND  AS  A  FIXING  AGENT  FOR  MORDANTS. 

188.  Use  of  Oils  in  Dyeing.— The  fact  that  fatty 
matters  can  be  advantageously  employed  by  the  dyer 
has    been    i-ecognised    fi'om     very   early    times.       The 
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ancient  Hindoos,  when  intending  to  dye  calico  red  by- 
means  of  Madder,  were  in  the  habit  of  first  steeping 
the  cloth  in  milk  and  then  exposing  it  to  the  sun.  In 
later  years,  in  the  process  of  dyeing  Turkey-red  (the 
modem  descendant  of  the  ancient  Hindoo  red),  the  pre- 
paration of  the  cloth  with  olive  or  other  oils  forms  one  of 
the  most  characteristic  features.  The  particular  role  of 
the  oil  in  this  process  and  the  chemical  changes  which  it 
undergoes  have  been  fruitful  sources  of  discussion,  and 
even  now  different  opinions  on  these  points  are  held  by 
chemists. 

Of  the  various  modern  views  as  to  the  part  which  the 
oil  plays,  when  fixed  upon  the  fibre,  the  most  rational 
seems  to  be  that  it  acts  largely  as  a  Jixing-agent  for 
the  aluminium  mordant  employed. 

Soon  after  the  introduction  of  the  coal-tar  colouring 
matters,  it  was  noticed  that  oil-prepared  cotton,  suit- 
able for  Turkey-red,  could  be  readily  dyed  with  those  of 
a  basic  nature.  In  this  case  the  modified  oil  acts  the 
part  of  a  mordant  in  the  same  way  as  tannic  acid. 

189.  Olive  Oil,  and  Castor  Oil. — These  oils  are 
representatives  of  the  large  class  of  those  fatty  matters 
which  are  to  be  considered  as  the  glycerine  salts  or  ethers 
of  various  fatty  acids. 

The  essential  constituent  of  olive  oil  is  triolein 
C3H-(0-Ci8H330)3,  the  free  fatty  acid  of  which  is  oleic 
acid,  OjgHssO-OH. 

Olive  Oil  is,  however,  a  mixture  of  two  fatty  matters, 
the  other  constituent  being  tripalmitin^Q^-^{0'0-^^^0)^ 
i.e.,  the  glycerine  compound  of  palmitic  acid.     This  sub- 
stance separates  from  olive  oil  in  a  more  or  less  crystal 
line  state  during  cold  weather. 

Exposed  to  the  air  for  a  lengthened  period,  olive  oil 
becomes  rancid,  a  change  which  is  owing  to  the  liberation 
of  free  fatty  acid.  Subjected  to  the  action  of  steam,  it 
is  also  partly  decomposed,  and  again  free  fatty  acid  is 
produced.  By  boiling  with  caustic  or  carbonated  alkalis, 
olive  oil  is  saponified ;  in  other  words,  it  is  decomposed. 
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glycerine  being  liberated  with  production  of  an  alkali 
compound  of  the  fatty  acid,  i.e.,  soap.  When  the  oil  is 
merely  well  shaken  with  a  dilute  solution  of  alkali,  sapo- 
nification does  not  take  place,  but  there  is  produced  a 
white  milky  liquid  or  emulsion  in  which  the  oil  is  sus- 
pended in  an  extremely  fine  state  of  subdivision.  The 
presence  of  a  little  free  fatty  acid  is  decidedly  favourable 
to  the  production  of  an  emulsion  of  some  permanence. 

Einulsive  oil  (Fr.,  liuile  tournante)  is  simply  olive 
oil  more  or  less  rancid,  and  hence  well  adapted  for  pro- 
ducing a  tolerably  permanent  emulsion. 

By  the  action  of  concentrated  sulphuric  acid  upon 
olive  oil  the  latter  is  decomposed,  and  very  complex  sub- 
stances are  produced,  the  nature  of  which  has  been 
explained  by  the  researches  of  Liechti  and  Suida.  Two 
parts  by  weight  of  olive  oil  are  well  mixed  with  one  part 
of  sulphuric  acid  168°  Tw.  (Sp.  Gr.  1-84),  taking  care  to 
keep  the  mixture  cool.  After  standing  for  twenty-four 
hours,  the  mixture  is  washed  with  a  solution  of  common 
salt  to  free  it  from  excess  of  acid. 

The  product  of  the  reaction  consists  essentially  of  two 
substances  distinguishable  from  each  other  by  reason  of 
their  differinor  solubilitv  in  water  and  ether.  Both  sub- 
stances  are  of  an  oily  character,  and  possess  acid  properties. 

The  following  equation  possibly  represents  the  reaction 
which  takes  place  : — 

2C^U,[C^,Ti^0.2)^  +  7H2SO4  =  C^H^gOiaS  -f  4C1SH34O3  -}- 
tri-oleia.  oy^joleic-zlj-         oxroleic- 

cerine,    sul-  acid, 

ptmric-ether 

+  6SO2+4H2O. 

The  substance  which  is  very  soluble  in  water  and 
only  slightly  so  in  ether  is  a  so-called  compound  -  ether, 
bearing  the  name  oxyoJeic-glycerine-sulphuric-ether^  and 
possessing  the  following  composition  : — 

C18H33O3]  p  -rr  .QTT 

C42H780i,S  or  SO,  >p^h'-OH 
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When  boiled  with  dilute  caustic  alkali,  it  decomposes 
with  the  production  of  insoluble  oxyoleic  acid,  glycerine, 
and  sulphuric  acid.  Its  alkaline  compound  is  soluble,  but 
those  of  the  alkaline  earths  and  heavy  metals  are  inso- 
luble ;  they  are  readily  obtained  by  mixing  its  aqueous  or 
alkaline  solutions  with  solutions  of  the  metallic  salts. 
The  aluminium  compound  [Al4(042Hj.40i2S)3j  is  a  white  or 
slightly  yellowish  body. 

The  substance  which  is  insoluble  in  water  but  soluble 
in  ether  is  oxyoleic  acid  (G^JiL^O^.  It  is  readily  soluble 
in  alkaline  water,  forming  a  soapy  liquid,  which  produces 
with  solutions  the  salts  of  the  alkaline  earths,  earths,  and 
heavy  metals,  tarry  or  flocculent  precipitates  very  soluble 
in  ether. 

A  secondary  reaction  seems  also  to  take  place, 
probably  giving  rise  to  the  production  of  an  intermediate 
and  unstable  ether  derivative  of  oxystearic  acid.  This  is 
decomposed  during  the  washing  with  water,  and  produces 
sulphuric  acid,  and  oxystearic-glycerine-sulphuric-ether 
(C42H82O12S)  and  oxystearic  acid  (OigHgeOg). 

2(Ci8H3302)3C3H54-7H2S04+  8H2O  =  C40H80O12S  +  4C18H36O3  + 
Tri-olein.  Oxystearic  -       Oxystearic 

glycerine-sul-  acid, 

pliuric  ether. 

+  6H2SO4. 

Castor  oil  consists  essentially  of  the  glycerine  com- 
pound of  ricinoleic  acid,  Ci8H3302"OH,  and  has  the  composi- 
tion  C3H,(0-C,3H330,)3. 

If  in  the  above  reaction  castor  oil  be  substituted  for 
olive  oil,  similar  substances  to  those  just  mentioned  are  pro- 
duced, namely,  trioxyoleic-glycerine-suli^huric-ether  : — 

C42H780,6S,  or         SO^^J^^^^.^^ 

and  trioxy oleic  acid  {Q^^^O^. 

The  castor  oil  product  is  now  a  commercial  article,  and 
is  sold,  more  or  less  diluted  with  water  and  neutralised 


236  DYEIXG    OF   TEXTILE    FABRICS.  [Chap.  XI. 

with  caustic  soda  or  ammonia,  under  the  following  names, 
TurJcey-red  oil.,  alizarin  oil,  sulphatpA  oil,  soluble  oil,  &c. 

When  properly  made  and  perfectly  neutralised  or 
rendered  slightly  alkaline,  it  dissolves  in  distilled  water, 
giving  a  perfectly  clear  solution.  If  the  water  contains 
lime,  <i:c.,  the  solution  is  more  or  less  milky,  from  the 
formation  of  the  lime  compound. 

Some  commercial  "  soluble  oils  "  are  merely  solutions 
of  a  castor  oil  soda- soap.  These  are  readily  made  by  boiling 
castor  oil  with  the  requisite  amount  of  dilute  caustic 
alkali ;  saponification  takes  place  with  the  greatest  ease. 

190.  ApjjUcation  to  Cotton. — As  a  fixing-agent  for 
aluminium  or  iron  mordants,  the  method  of  applying  oil 
in  its  se\eral  forms  to  cotton  is  given  under  the  head  of 
"AppUcationof  Alizaiim"     {See  pp.  428,  438,  443.) 

As  a  mordant  for  the  basic  coal-tar  colours,  oil  in 
generally  applied  in  the  form  of  sulphated  castor  oil, 
castor  oil  soap,  or  even  ordinary  oil  soap. 

For  mordanting  yam  or  calico,  the  first,  second,  third, 
and  fourth  operations,  given  on  pp.  427,  438,  442,  may  be 
employed,  but  frequently  only  the  first,  second,  and  fourth 
are  adopted,  i.e.,  the  bleached  material  is  first  impregnated 
with  the  alkaline  solution  of  sulphated  oil  or  soap, 
then  immersed  in  a  solution  of  aluminium  salt,  and 
finally  washed  previous  to  dyeing ;  if  dried  and  steamed 
before  dyeing,  the  colour  is  faster  to  washing  and  soap- 
ing. Since  in  this  application  the  modified  fatty  acid  is 
the  real  mordanting  body,  the  aluminium  salt  must  be 
considered  as  only  employed  for  the  purpose  of  fixing  it. 
TTie  fact  is  that  the  metallic  compounds  of  these  modified 
oils  are  duplex  mordants,  either  the  basic  or  acid  con- 
stituent of  the  compound  may  act  in  the  capacity  of 
mordant,  according  as  the  colouring  matter  employed  is 
of  the  opposite  character.  The  metallic  compounds  of 
tannic  acid  are  in  exactly  the  same  position. 

Dyed  aniline  colours  fixed  by  means  of  oil  mordants 
are  brighter  than  those  fixed  with  tannic  acid,  but  they 
.are  not  so  fast  to  boiling  soap  solutions. 
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The  calico-printer  makes  considerable  use  of  sulphated 
oil  a-s  a  general  prepare  for  steam-alizarin  and  steam- 
aniline  colours  containing  tannic  acid,  since  the  presence 
of  the  oil  in  the  fibre  intensifies  and  brightens  the 
majority  of  these  colours  very  considerably,  and  makes 
them  faster  to  boiling  soap  solution.  The  cloth  is 
simply  padded  in  a  neutral  or  slightly  ammoniacal  solu- 
tion, more  or  less  dilute,  and  dried  previous  to  printing. 

Apart  from  their  use  as  mordants,  sulphated  castor 
oil  and  castor  oil  soap  are  largely  used  in  finishing  for 
the  purpose  of  softening  heavily-starched  goods,  or  dyed 
cloth  or  yarn,  which  would  otherwise  have  an  unpleasant 
harsh  "  feel."  The  principal  objection  to  their  use  for 
this  purpose,  and  one  which  is  sometimes  brought  against 
their  use  as  mordants,  is  that,  after  a  lengthened  period, 
the  goods  contract  an  unpleasant  rancid  odour. 

191.  Applicatio7i  to  Wool  and  Silk.  —  Oil  mordants 
have  not  yet  found  any  use  as  such  for  wool  and  silk. 

Certain  preparations  made  by  mixing  olive  oil  and 
sulphuric  acid  have  hitherto  been  used  only  for  softening 
purposes. 

ALBUMEN,    CASEIN,    GLUE,    ETC.,    AS    MORDANTS. 

192.  Albumen  is  a  nitrogenous  animal  substance 
soluble  in  cold  or  tepid  water.  Its  solutions  are  co- 
agulated by  the  addition  of  mineral  acids  and  solutions 
of  various  metallic  salts,  and  also  if  heated  to  about 
70*^  C,  in  both  cases  the  albumen  being  rendered  in- 
soluble. 

In  chemical  composition  it  is  allied  to  wool  and  silk, 
and  when  coagulated  it  behaves  towards  colourinoj 
matters  like  these  fibres.  It  is  because  of  the  above 
properties  that  albumen  is  of  use  to  the  textile  colourist. 

£gg  albumen  is  represented  in  its  purest  form  by  the 
wliite  of  egg.  This  is  evaporated  to  dryness  at  a  low 
temperature,  and  the  dry  soluble  product  thus  obtained 
in  the  form  of  light  yellow  horny  flakes  is  an  article  of 
commerce. 
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If  kept  dry,  it  can  be  stored  for  a  considerable  time 
without  being  injuriously  aflfected  ;  but,  if  damp,  putre- 
faction sets  in,  and  it  becomes  more  or  less  iasoluble  in 
water. 

Blood  albumen  very  closely  resembles  egg  albumen  in 
its  composition  and  properties.  The  chief  ditference  is 
that  it  is  somewhat  darker  in  colour.  It  is  obtained  by 
evaporating  at  a  low  temperature  the  serum  of  the 
blood  of  oxen,  (fee.  The  commercial  product  has  the 
appearance  of  dark  brownish-olive  scales.  Solutions  of 
albumen  readily  putrefy,  especially  in  warm  weather; 
this  may  be  retarded,  or  even  prevented,  by  slight  addi- 
tions of  borax  or  sodium  bisulphite. 

193.  Application  to  Cotton. — Albumen  is  of  grea,t 
use  to  the  calico-printer  for  the  purpose  of  fixing  in- 
soluble pigments — e.g.,  ultramarine  blue,  chrome  green, 
aniline-colour  lakes,  <fec. — or  soluble  pigments  Kke  the 
coal-tar  colours.  The  colour  in  question,  either  in  the 
solid  state  as  an  impalpable  powder  or  in  solution,  is 
mixed  in  the  cold  T\T.th  the  albumen  solution ;  the 
mixture  is  then  printed  on  the  calico.  After  dyeing, 
the  printed  cloth  is  steamed. 

The  albumen  thus  coagulated  is  fixed  mechanically 
and  more  or  less  superficially  on  the  fibre,  and  holds  the 
insoluble  pigment  in  the  same  way  throughout  its  mass. 
When  used  in  the  above  manner  for  fixing  the  soluble 
coal-tar  colours,  the  albumen  itself  is,  as  it  were,  dyed. 

The  concentration  of  the  albumen  solution  must  vary 
according  to  the  amount  of  pigment  to  be  fixed. 

Tor  purposes  of  dyeing  with  coal-tar  colours,  cotton 
may  be  impregnated  with  albumen  solution,  dried,  and 
steamed,  or  the  albumen  may  be  coagulated  by  passing 
the  cloth  through  dilute  mineral  acid.  Albumen  has, 
however,  not  been  largely  used  by  the  dyer  in  this  way, 
partly  because  of  its  expense. 

In  the  dyeing  of  wool  and  silk,  albumen  finds  no  use, 
although  it  is  still  employed  to  a  limited  extent  in 
woollen-printing. 
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194.  Casein,  or  the  curd  of  milk,  sold  commer- 
cially as  a  yellowisli  granular  powder  under  the  name  of 
lactarine,  is  prepared  by  precipitating  skimmed  milk 
with  dilute  acids.  Its  chemical  composition  is  similar  to 
that  of  albumen,  but  its  properties  differ  considerably. 
It  is  insoluble  in  pure  water,  but  soluble  in  alkaline 
solutions,  e.g.,  ammonia,  borax,  (fcc.  As  a  solvent,  borax 
is  preferable  on  account  of  its  antiseptic  properties.  It 
is  used  occasionally  by  the  calico-printer  as  a  substitute 
for  albumen.  It  is  not  coagulated  by  steaming,  and  can 
only  serve  for  colours  requiring  a  moderate  degree  of 
fastness. 

195.  Glue  or  Gelatin  is  a  nitrogenous  substance 
obtained  by  boiling  bones,  skins,  and  other  animal 
matters  with  water,  and  evaporating  their  solutions  at 
a  low  temperature.  Its  employment  by  the  textile 
colourist  depends  upon  the  fact  that  its  solutions  are 
precipitated  by  tannic  acid,  and  that  the  precipitate  so 
produced  attracts  many  of  the  coal-tar  colours  from  their 
solutions.  In  this  respect  it  serves  as  a  fixing-agent  for 
the  tannic  acid,  but  as  a  nitrogenous  albuminoid  substance 
it  miiy  at  the  same  time  act  as  a  mordant. 

FIXIIfG-AGENTS    FOR    MORDANTS. 

196.  One  of  the  essential  conditions  of  mordanting  is, 
that  the  mordants  should  be  presented  to  the  fibres  in  a 
state  of  solution,  and  that  the  real  mordanting  body 
should  be  precipitated  from  the  solution  and  upon  the 
fibre  in  such  a  manner  as  to  be  firmly  fixed  upon  the 
latter. 

The  various  methods  of  effecting  this  have  been  given 
when  treating  of  the  application  of  each  mordant  to  the 
different  fibres.  Among  others  will  have  been  noticed 
that  of  employing  solutions  of  certain  salts  capable  of 
forming  insoluble  precipitates  with  the  mordants.  Such 
precipitant s  or  fixing-agents  deserve  to  be  specially,  even 
if  only  briefly,  referred  to.       Those  fixing-agents,  which 
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under  certain  circumstances  act  as  mordants  themselves 
{e.g.,  fatty  acids,  tannic  acid,  gelatin,  staimic  chloride), 
have  already  been  considered.  Of  the  rest  the  following 
are  important : — 

197.  Sodium  Hydrate  (NaHO). — A  solution  of  this 
substance  is  used  for  the  purpose  of  precipitating  and 
fixing  upon  cotton  ferric  and  manganic  oxides,  which  in 
themselves  serve  as  colours.  For  other  mordants — e.g.^ 
stannic  oxide  and  alumina — it  serves  as  a  solvent.  It  is 
largely  employed  in  cotton  bleaching,  and  is  of  general 
use  as  an  alkali  for  neutralising  acids,  &c. 

198.  Sodium  Phosphate  {Na.HP04-12H20).— This 
salt  is  used  with  advantage  as  a  general  precipitant  for 
aluminium  mordants.  In  special  styles  of  work,  e.g.,  the 
production  of  red  and  pink  on  Turkey-red  prepared  cloth, 
it  gives  excellent  results.  It  is  sometimes  used  by  the 
calico-printer  and  dyer  for  the  same  purpose,  but  its 
expense  prevents  it  from  being  so  extensively  employed 
as  it  otherwise  would  be. 

199.  Sodium  Arsenate  (Na2HAs04-12HoO).— This 
©alt  occurs  in  commerce  in  the  dehydrated  state,  in 
sinter-like  masses,  generally  containing  common  salt  and 
about  50 — 55  per  cent,  sodium  arsenate.  As  a  fixing 
agent  for  mordants  it  behaves  very  like  sodium  phosphate. 
It  is  extensively  used  by  the  calico-printer  as  a  substitute 
for  cow-dung  in  the  so-called  operation  of  "  dunging  "  or 
"  cleansing." 

The  use  of  such  a  poisonous  salt  for  this  purpose  is 
not  followed  by  the  injurious  consequences  one  might 
at  first  sight  expect,  since  it  is  either  washed  out 
of  the  cloth  subsequently,  or  is  fixed  thereupon  in  an 
insoluble  and  innocuous  form.  To  the  cotton-yarn-dyer 
who  works  his  material  in  the  solution  by  hand,  this  salt 
is  not  to  be  recommended  as  a  fixing-agent,  since  it  readily 
causes  ulcerated  sores  on  the  hands  of  the  workmen. 
It  must  be  borne  in  mind,  too,  that  its  employment  may 
entail  contamination  of  the  neighbouring  stream  with  a 
poisonous  salt. 
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200.    Sodium    Tetrasilicate  or  Silicate  of   Soda, 

]Sra2Si409. — Under  the  name  "soluble  glass,"  this  cora- 
poimd  is  met  with  in  commerce  in  the  solid  form.  In 
solution,  it  can  be  used  as  a  fixing- agent  for  aluminium 
and  other  mordants  on  cotton.  It  has,  however,  not  found 
very  general  employment  in  England  for  this  purpose, 
since  there  is  always  the  risk  that  excess  of  caustic  or 
carbonated  alkali  may  be  present,  in  which  case  alumina, 
more  or  less  fixed  on  the  fibre  by  drying  or  ageing, 
would  be  partly  dissolved  off  again,  and  lead  to  unsatis- 
factory results.  Well-made  silicate  of  soda  is,  however, 
free  from  defects  of  this  kind,  except  through  the 
tendency  of  its  solutions  to  dissociate  and  form  a  mixture 
of  acid  and  basic  silicate.  Mordants  not  soluble  in  alkali 
— e.g.^  those  of  iron  and  chromium — are  not  injuriously 
affected  by  sodium  silicate.  Aluminium  mordants  fixed 
by  means  of  silicate  of  soda  do  not  attract  colouring 
matter  so  readily  in  the  dye-bath  as  if  fixed  by  sodium 
arsenate,  nor  are  the  colours  produced  so  bright. 

201.  Sodium  Carbonate  (NaoCOs'lOHsO).— This  salt 
constitutes  the  "  soda  crystals  "  or  "  washing  soda  "  of 
commerce.  The  salt  NasCOa'HoO,  is  sold  in  an  almost 
chemically  pure  state  under  the  name  of  "  crystal  car- 
bonate." It  is  largely  used  for  purposes  of  neutralising 
acid  liquids,  and  in  a  crude  calcined  form  as  soda-ash 
in  bleaching  cotton.  It  serves  as  the  most  useful  fixing 
agent  for  ferric  and  chromic  oxides  on  cotton;  in  the 
former  case  its  solution  is  used  cold;  in  the  latter 
boiling  hot. 

202.  Ammonia  (NH3).— This  gas,  dissolved  in  water, 
serves  for  general  purposes  of  neutralising.  It  serves  as 
a  fixing-agent  for  lead  acetate,  but  for  fixing  aluminium 
and  iron  mordants  on  cotton  it  is  unsuitable,  not  only 
on  account  of  its  volatility,  but  because  it  does  not 
give  such  good  results  as  sodium  phosphate  and 
arsenate. 

203.  Ammonium  Carbonate  [H(NH4)C0  34. 
NH4CO2NH2]. — This  commercial  salt  forms  a  white,  semi- 
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transparent,  fibrous  mass.  When  it  is  dissolved  in  water, 
the  carbamate,  NH4CO2NH0,  is  changed  into  the  normal 
salt,  (^"114)3003.  According  to  Liechti  and  Wolf,  it  is 
one  of  the  best  agents  for  fixing  alumina  upon  cotton. 
Make  a  solution  containing  40  grams  of  ammonium  car- 
bonate per  litre,  and  use  it  cold,  or  at  a  temperature  of 
45o_50°  0. 

204.  Calcium  Carbonate  (CaCOg). — As  ground  chalk 
or  "whitening,"  this  substance  is  frequently  employed  for 
the  purpose  of  neutralising  acid  liquids,  and  forms  occa- 
sionally an  excellent  fixing-agent  for  alumina  and  other 
mordants  upon  cotton,  e.g.,  upon  oil-prepared  calico.  As 
an  addition  to  the  alizarin  dye-bath,  it  has  long  rendered 
essential  aid  to  the  full  development  of  the  ultimate 
colour,  though  it  is  now  advantageously  replaced,  in  many 
instances,  by  calcium  acetate. 

205.  Antimony  Potassium  Tartrate  [K(SbO)C4H,OJ. 
— This  salt,  better  known  as  "tartar- emetic,"  is  only 
slightly  soluble  in  water.  It  precipitates  a  solution  of 
tannic  acid,  especially  if  neutral  salts  are  present,  e.g., 
NaCl,  NH^Cl,  &c.  Tartar- emetic,  employed  for  fixing 
tannic  acid  in  its  capacity  as  a  cotton  mordant  for  basic 
coal-tar  colours,  gives  most  satisfactory  results. 

One  important  point  to  be  remembered  is  that,  with 
continued  use,  a  tartar-emetic  bath  becomes  ineffective 
and  even  injurious  before  it  is  quite  exhausted.  Through 
the  abstraction  of  antimony  there  is  a  gradual  accumula- 
tion of  acid  potassium  tartrate  in  the  bath,  which  tends  to 
dissolve  the  antimony  tannate  or  colour-lake  from  the  fibre. 

A  good  substitute  for  tartar-emetic  is  the  cheaper 
antimony  potassium  oxalate  [K3Sb(C204)3-6H20].  It  is 
more  sensitive  and  gives  up  its  antimony  more  readily 
tlian  the  tartrate,  hence  the  bath  becomes  sooner  charged 
with  acid-potassium-oxalate ;  the  duration  of  the  fixing 
process  should  therefore  not  be  prolonged  beyond,  say, 
one  minute,  and  the  solution  should  be  weak. 

Antimony  hydrate  freshly  precipitated  from  antimony 
chloride  by  means  of  sodium  carbonate,  then  washed  and 
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suspended  in  ^vater,  is  even  more  economical  as  a  fixing 
agent  for  tannic  acid,  and  is  said  to  possess  tlie  further 
advantage  of  not  leaving  the  bath  acid. 

206.  Potassium  Ferrocyanide  [K^(Fe-Cy)6-3HoO]. 
— This  salt  and  also  2^otassium  ferricyanide  Kg(FeCy)g 
have  long  been  used  by  the  dyer  and  calico-printer  in 
conjunction  with  iron  salts  for  the  production  of  Prussian 
Blue.  With  solutions  of  several  of  the  basic  coal-tar 
colours  they  produce  precipitates,  and  hence  may,  in 
certain  cases,  be  employed  as  mordants  for  cotton  in  place 
of  tannic  acid. 

ASSISTANTS. 

Under  this  head  may  be  included  all  those  substances 
of  use  to  the  dyer  which  cannot  be  classed  as  colouring 
matters,  mordants,  or  fixing-agents.  It  is,  however,  only 
intended  to  enumerate  here  a  few  of  those  which  are 
more  prominent,  and  to  refer  briefly  to  some  of  their 
applications. 

207.  Tartaric  Acid  [C4H40^(OH)2].— This  substance 
is  sold  in  the  form  of  hard,  colourless  crystals,  readily 
soluble  in  water.  It  is  used  by  the  calico-printer  in  the 
production  of  steam-blue,  steam- green,  aniline-black,  (fee. ; 
also  as  a  resist  for  aluminium  and  other  mordants,  and  in 
the  discharge  colours  for  Turkey-red.  It  is  occasionally 
used  by  the  woollen  dyer  as  an  addition  to  the  mordant- 
ing bath,  e.g.,  in  conjunction  with  potassium  dichromate, 
alum,  stannous  chloride,  &c.  The  silk-dyer  employs  it  as 
an  agent  for  brightening  colours  after  dyeing.  In  some 
cases  tartaric  acid  may  be  advantageously  replaced  by 

ChCPft  /?  O   Cf  O^  Cm 

208.  Acid  Potassium  Tartrate  \Q^^0lQrQ){01L)\ 
— This  salt  is  better  known  as  cream  of  tartar  or  tartar. 
It  forms  hard,  colourless  crystals,  but  is  more  usually  sold 
as  a  white  crystalline  powder.  In  its  crude  state  it  is 
called  red  or  white  "  tirgol,"  according  as  it  has  been 
deposited  during  the  fermentation  of  red  or  white  wine. 

It  is  extensively  employed  by  the  woollen-dyer  as  an 
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addition  to  the  mordanting  bath,  e.g.^  in  conjunction 
with  alum,  stannous  chloride,  <tc.  In  such  cases,  double 
decomposition  undoubtedly  takes  place,  and  the  con-e- 
sponding  tartrates,  or  double  salts,  which  are  formed, 
seem  to  be  more  suitable  as  mordants  than  the  original 
salts.  ^Vhy  this  is  so  has  not  yet  been  determined,  but 
probably  the  alumina  is  fixed  upon  the  fibre  in  larger 
amount  and  in  a  more  suitable  form ;  no  doubt,  too,  if  the 
liberated  tartaric  acid  absorbed  by  the  fibre  is  improperly 
washed  out,  it  will  be  less  injurious  in  the  dye-bath  than 
the  sulphuric  acid  of  the  alum  would  be.  Certain  it  is 
that  the  addition  of  tartar  to  the  mordanting  bath,  in 
suitable  amount,  adds  fulness  and  brilliancy  to  the  ulti- 
mate colour.  By  mordanting  wool  with  pure  tartrates 
of  aluminium,  kc,  excellent  results  are  obtained. 

Owing  to  the  comparatively  high  price  of  cream  of 
tartar  many  substitutes  for  it  have  been  proposed,  and 
also  employed. 

Thete  Ijear  such  names  as  "  tartar  substitute,"  "  pro- 
argol,"  (tc,  and  generally  consist  of  mixtures  containing 
oxalic  acid,  bisulphate  of  potash,  alum,  common  salt,  (fcc. 
"Essence  of  tartar"  is  a  solution  of  tartaric  acid,  fre- 
q^uently  adulterated  with  sulphuric  acid. 

"  Suner-arcrol "  is  said  to  be  a  mixture  of  white  arorol 
and  sulphuric  acid,  the  latter  present  in  amount  suflicient 
to  combine  with  the  potash. 

It  may  be  confidently  asserted  that  all  these  substi- 
tutes, if  at  all  useful,  can  be  made  more  cheaply  by  the 
dyer  himself,  and,  as  a  general  rule,  the  real  value  and 
economy  of  all  articles  bearing  fancy  names  may  be 
doubted.  In  those  cases  where  the  use  of  tartar  or  argol 
depends  entirely  or  mainly  upon  their  acid  properties, 
cheaper  acid  salts  may  frequently  replace  them  with  advan- 
tage, but  not  where  their  action  is  due  to  the  property 
they  possess  of  forming  double  salts. 

209.  Acetic  Acid  [C2H30(OH)].  —  This  acid,  also 
known  in  its  dilute  and  less  pure  fonn  as  "  vinegar,"  is 
largely  obtained  as  a  product  of  the  dry  distillation  of 
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wood,  and  by  the  oxidation  of  dilute  alcoholic  liquids. 
It  IS  of  very  general  use— e.g.,  as  a  solvent  for  colouring 
matter— to  acidify  dye-bath  solutions,  to  neutralise  calca- 
reous \vater,  as  an  addition  to  printing  colours,  &c. 

210.  Acetate  of  Lime  [Ca(aH30,)/2H.,0].— This 
salt  is  prepared  by  dissolving  chalk  or  calcium'  carbonate 
in  acetic  acid.  It  is  used  as  a  solution,  and  should  be 
as  free  from  iron  as  possible.  The  best  commercial  pro- 
duct sold  as  a  white  powder  contains  about  90  per  cent. 
Ca(C2H30o)o.  In  a  more  or  less  crude  form,  namely,  as 
pyrolignite  of  lime,  it  is  largely  employed  for  the  purpose 
of  making  commercial  aluminium  acetate  (red  liquor). 

It  is  of  very  special  value  as  an  addition  to  the  dye- 
bath  when  using  non-calcareous  waters  in  dveing  with 
several  colouring  matters,  e.g.,  Alizarin,  Logwood,  Brazil- 
wood, Weld,  ttc. 

The  exact  rdle  of  the  lime-salt  in  such  cases  is, 
perhaps,  not  yet  fully  determined.  The  view  which  seems 
to  explain  known  facts  the  best  is  that  the  calcium  forms 
a  necessary  constituent  of  the  coloured  lake  fixed  on  the 
fibre.  In  woollen  dyeing,  it  will  certainly  have  the 
primary  effect  of  neutralising  the  acidity  of  the  mordanted 
fibre. 

211.  Sulphuric  Acid  (H,SO,).— This  acid  is  exten- 
sively employed  as  an  assistant  in  the  dye-bath  by  the 
wool-  and  silk-dyer  when  applying  those  "  acid  colours," 
which  consist  of  the  alkali  salts  of  sulphonic  acids,  e.g.^ 
Azo-scarlets,  Indigo  Carmine,  <fcc.  It  is  also  frequently 
employed  along  with  potassium  dichromate  in  the  mor- 
danting of  wool  (see  p.  209).  It  serves  generally  for 
neutralising  alkaline  solutions. 

212.  Sodium  Sulphate  (Xa.SO/lOR.O).— This  salt, 
also  known  as  Glauber's  salt,  is  extensively  employed 
by  the  woollen-dyer  as  an  aid  to  obtain  even^  regular,  or 
level  dveinsr. 

Being  very  soluble,  it  raises  the  Specific  Gravity  and 
the  boiling  point  of  the  dye-solution  if  used  in  large 
amount,  and  this  fact  alone  may  possibly  be  of  some  little 
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service  in  cei-tain  dyeing  operations.  The  shade  of  an 
aniline  violet,  for  example,  can  be  made  reddish  or  bluish, 
according  to  the  temperature  of  the  dye-bath. 

TVhen  added  to  a  woollen  dye-bath  as  a  "levelling- 
agent,"  it  tends  to  render  the  colouring  matter  less 
soluble,  and  the  latter  is  then  only  attracted  gi-adually 
by  the  wool,  as  it  dissolves. 

Sometimes  it  may  be  necessary  or  convenient,  in 
dyeing  compound  shades,  to  add  to  an  acid  dye-bath 
colouring  matters  whose  dyeing  power  is  actually  di- 
minislied  by  the  presence  of  acid,  e.^,.  Orchil,  Magenta, 
redwoods,  ic.  In  such  a  case,  the  addition  of  sodiimi 
sulphate  to  the  dye-bath  causes  them  to  dye  better,  since 
it  tends  to  reduce  the  acidity  of  the  bath  by  combining 
with  the  free  sulphuric  acid  used  to  form  sodium 
bisulphate.  If  the  addition  of  the  sodium  sulphate  is 
regulated,  it  is  even  possible  to  determine  the  rapidity 
with  which  the  wool  shall  take  up  such  colouring  mattere, 
and  a  means  of  shading  is  thus  afforded.  In  order  to  pre- 
vent excessive  felting  of  woollen  yam  it  may  sometimes 
l:»e  preferable  indeed  to  shade  in  this  manner,  rather 
than  to  remove  the  textile  mateiial  frequently  from  the 
dye-bath,  for  the  purpose  of  adding  fi'esh  colouring 
mattei.  If,  by  mistake,  an  excess  of  colouring  matter 
should  be  added,  a  fuither  addition  of  sulphuric  acid 
will  rectifiy  the  error.  A  similar  example  is  afforded  in  the 
dyeing  of  red,  brown,  and  gTey  shades  on  wool  mordanted 
"v\ith  potassium  dichromate,  where  Logwood  or  Peach- 
wood  are  used  in  small  amount.  To  prevent  these  dye- 
woods  from  giving  up  their  colouring  matter  too  rapidly, 
and  thus  dyeing  unevenly,  one  may  either  add  a  large 
amotm^t  of  sodium  sulphate  from  the  beginning,  or  fii-st 
a  little  sulphuric  acid,  and  afterwards  sodium  sul- 
phate gradually.  By  the  first  plan,  the  colouiing  matter 
is  made  to  dissolve  gradually  ;  by  the  second,  its  dyeing 
power  is  diminished,  and  only  developed  on  the  addition 
of  the  sodium  sulphate. 

The  prevention  of  too  rapid  and  consequently  uneven 
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dyeing  by  the  use  of  sodium  sulphate  is  exemplified  in 
dyeing  with  Indigo  Carmine,  Azo-scarlet,  and  other  acid 
colours. 

213.  Boiled-off  Liquor.— This  is  the  soapy  liquid 
which  has  been  employed  for  the  purpose  of  removing 
the  silk-glue  from  raw-silk  previous  to  dyeing.  It  is, 
hence,  a  slightly  alkaline,  more  or  less  concentrated, 
solution  of  silk-glue.  To  the  silk-dyer  it  serves  much  the 
same  purpose  as  sodium  sulphate  does  to  the  woollen- 
dyer,  especially  in  the  application  of  coal-tar  colours.  If 
added  to  the  dye-bath  in  suitable  amount,  it  causes  the 
colouring  matter  to  be  attracted  more  slowly  and  evenly 
by  the  silk.  It  also  preserves  the  lustre  of  the  latter.  If 
used  in  excess,  it  is  very  injurious,  since  it  wastes  colouring 
matter  and  destroys  the  lustre  of  the  silk.  As  a  suitable 
amount  for  most  cases,  50 — 100  cubic  centimetres  of 
boiled-off  liquor  per  litre  of  dye-bath  solution  may  be 
employed. 

When  this  liquor  is  not  obtainable,  it  can  be  re- 
placed, with  more  or  less  success,  by  a  solution  of  soap 
and  gelatin. 


248 


METHODS   AXD    MACHIKERY 
USED    IN    DYEING. 

CHAPTER   XII. 

NOTES    ON   COTTON,    WOOL,    AND    SILK    DYEING, 

214.  Methods  of  Cotton  Dyeing.— Owing  to  the 
slight  attraction  which  cellulose  has  for  the  great  ma- 
iority  of  colouring  matters,  the  method  of  dyeing  cotton 
usually  comprises  the  two  operations  of  mordanting  and 
dyeing. 

As  a  general  rule,  these  operations  are  perfectly  dis- 
tinct, and  follow  each  other  in  the  order  given.  This  is 
decidedly  the  most  rational  plan;  it  yields  the  best  results, 
both  with  respect  to  brilliancy  and  depth  of  colour,  and 
to  fastness  against  washing,  soaping,  (fcc. 

In  some  cases  the  "  one-dip  "  method — i.e.,  dyeing  in  a 
single  bath  containing  both  colouring  matter  and  mordant 
— is  adopted,  e.g.,  for  logwood  and  copper  sulphate  blacks. 
This  plan,  however,  is  by  no  means  of  general  application, 
and  although  saving  time  and  labour,  it  never  gives  such 
good  results  as  can  be  obtained  by  the  first  method.  Of 
course  where  no  mordant  is  required — e.g.,  in  indigo- vat- 
blues,  aniline  black,  ttc. — a  single  bath  only  is  necessary. 

Another  plan,  frequently  adopted,  but  by  no  means 
the  most  rational,  is  first  to  impregnate  the  cotton  with  a 
solution  of  colouring  matter,  and  then  in  a  separate  bath 
to  apply  the  mordant,  as  in  certain  logwood  blacks.  It 
invariably  gives  pale  colours,  because  the  absorbent 
power  of  cotton  is  too  limited  to  take  up  the  necessary 
amount  of  colouring  matter;  hence  the  operations  require 
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to  be  repeated  several  times,  or  very  concentrated  colour 
solutions  must  be  used,  to  obtain  a  satisfactory  result. 
The  principle  of  the  process  really  consists  in  precipitating 
on  the  fibre  successive  layers  of  pigment  (compound  of 
colouring  matter  and  mordant),  and,  indeed,  in  a  most 
superficial  manner,  so  that  the  dyes  obtained  by  this 
method  are  never  so  fast  to  rubbing  or  washing  as  those 
produced  by  the  first  method  alluded  to. 

Sometimes,  for  example,  in  the  production  of  catechu 
browns,  the  last-mentioned  method  is  the  best  possible  ; 
but  in  this  case  the  cotton  has  a  marked  attraction  for 
the  active  principle  of  the  Catechu  appKed  in  the  first 
bath,  and  absorbs  large  quantities  of  it.  The  potassium 
dichromate  used  in  the  second  bath  serves  rather  as  an 
oxidising  agent  than  as  a  mordant. 

215.  Operations,  &c.,  in  Cotton  Dyeing. — Cotton  is 
dyed  in  all  stages  of  manufacture,  namely,  as  loose  cotton- 
wool, cotton  yarn  or  thread,  either  in  hank  or  "chain" 
(warps),  and  as  cotton  cloth  (calico). 

It  is  mostly  dyed  in  the  form  of  yarn  or  cloth, 
but  in  recent  years  raw-cotton  has  been  extensively 
dyed  for  the  purpose  of  mixing  with  dyed  wool  previous 
to  the  "scribbling"  process.  Only  in  few  cases  can 
really  satisfactory  colours  be  obtained,  able  to  withstand 
the  subsequent  scouring  and  milling  processes  of  the 
woollen  manufacturer  {e.g.,  aniline  blacks,  catechu 
browns,   kc). 

When  light  shades  of  colour  are  to  be  dyed,  the  cotton, 
in  whatever  state  it  may  be,  should  be  thoroughly  bleached. 
For  dark  colours  (in  order  to  ensure  even  dyeing  after- 
wards) it  sufiices  to  boil  the  cotton  well  with  water, 
preferably  with  the  addition  of  sodium  carbonate. 

Raw-cotton  is  apt  to  become  matted  by  such  pre- 
liminary boiling,  and  the  operation  is  usually  omitted ; 
but  it  is  invariably  done  with  cotton  yarn.  As  to  calico, 
all  sizing  material,  at  least,  should  be  removed,  even  if 
further  bleaching  be  not  attempted. 

There  is  a  prevalent  opinion  that  cotton  should  only 
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be  dved  in  the  cold,  but  it  is  altocjether  a  mistaken  ona 
When,  for  example,  it  is  possible  to  fix  the  necessary 
mordant  on  the  fibre  in  a  thoroughly  insoluble  state,  cold 
dyeing  is  not  to  be  recommended,  except  where  a  high 
temperature  would  destroy  the  brilliancy  of  the  colour. 
Cold  or  tepid  dyeing  is  employed  when  the  mordant 
applied  is  more  or  less  soluble  ;  for  example,  if  tannic  acid 
only  is  used,  or  if  the  colour-lake  is  soluble  in  hot  water, 
e.g.,  ordinary  azo-scarlets  on  cotton.  In  some  cases  the 
employment  of  a  high  temperatui^e  is  absolutely  necessary, 
as,  for  instance,  when  the  colouring  matter  used  is  not 
yeiy  soluble,  e.g.,  Alizarin. 

The  various  de\'ices  for  ensuring  "  level "  dveing  will 
l:>e  ti-^ated  of  in  *'  Notes  on  Wool-Dveing "  {see  p. 
276.) 

216.  Unspun  Cotton  Wool. — Dyeing  Macldmry, — 
The  dye-vessel  employed  for  raw-cotton  is  similar  to  that 
described  as  being  used  for  loose-wool  {see  p.  277).  Direct 
fii'e  heat  is  seldom  or  never  adopted.  In  recent  yeai*s 
various  novel  aiTangements  have  been  proposed  and 
patented,  but  their  practicability  has  yet  to  be  proved,  e.g., 
vacuum- dyeing  machines. 

Washing  Machinery. — The  washing  of  raw  cotton 
may  be  effected  by  the  raw-wool  scouring  machine  {see 
p.  JOO). 

Excess  of  water  is  removed  by  passing  it  between  a 
pair  of  squeezing  rollers,  or  by  means  of  the  centrifugal 
machine  (hydro-extractor). 

Drying  Machinery. — Raw  cotton  may  be  diied  on 
the  machines  descril>ed  as  being  used  for  loose-wool  {see 
p.  277). 

217.  Cotton  Yarn. — Dyeing  Machinery . — For  hank- 
dyeing  the  simplest  method  is  to  work  the  hanks  in  the 
dye  liquor  by  hand  in  the  manner  described  for  woollen 
yajTi  scouring  on  p.  105. 

With  large  quantities  of  any  single  colour,  e.g., 
Turkey -red,  logwood-black,  indigo-blue,  lirc,  the  employ- 
ment of  dyeing  machines  becomes  almost  impemtive. 
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Figs,  48  and  49  represent  an  excellent  machine,  de- 
signed bv  A.  Wilson,  of  Paisley. 

It  consists  of  an  ordinary  rectangular  wooden  dye- 
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Fig.  48.— Hank-Djeiug  Macliiue. 

vat  fitted  witli  a  four-armed  skeleton-winch,  upon  which 
the  rods,  previously  filled  with  yarn,  can  be  readily 
suspended.  In 
charging  the  ma- 
chine, the  arm  a  is 
brought  into  the 
upright  position, 
the  movable  portion 
B  is  lifted  oflf  the 
cross  piece,  and  the 
hinged  portion  at  c 
is  turned  back.  The 
hanks  of  yarn  are 
hung  on  pairs  of 
light  wooden  rods  ;  - 
these  are  placed  in 
the  sockets  at  b  and 
c,  and  then  securely  fastened  down  by  replacing  the 
movable  portions  alluded  to.  The  winch  is  then  turned 
round,  and  the  other  half  is  filled  with  hanks  in  a  similar 
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Fig.  49. -Section  of  Fig.  48. 
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manner ;  b  represents  the  arrangement  of  sockets  with 
movable  caps  in  the  central  part  of  the  -winch,  D  that  at 
the  ends  where  there  are  no  movable  parts,  the  ends  of 
the  rods  being  merely  pushed  into  the  sockets.  When 
the  dyeing  is  finished,  the  whole  winch  full  of  yam  can 
be  i-aised  with  a  ti^avelling  crane  out  of  the  dve-vat  bv 
the  rings  e.  and  lowered  into  another  vat  for  washing,  6:c. 
Another  hank-dyeing  machine,  that   of  E.  Boden,  is 


Fig.  50.— Boden's  Hiuik-Dveing  Machine. 

represented   in    Fig.    50,    the   back  portion   only  being 
exhibited. 

It  consists  of  a  wooden  dyebeck,  provided  with  a  light 
iron  frajne  caiTving  a  series  of  reels  a  geared  with  each 
other  at  one  end.  The  frame,  together  with  reels,  is  coun- 
terbalanced by  means  of  large  wei.c'hts  D,  and  can  be 
readily  raised  or  lowered  by  a  hydraulic  ram  in  the  centi-^. 
When  raised,  the  front  ends  of  the  reels  are  fi'ee  to  be 
tilled  with  yai'u ;  when  lowered,  the  hanks  are  immersed 
in  the  dye  liquor.  By  means  of  the  pulleys  at  c,  the  large 
cog-wheel  b  is  made  to  revolve  in  alternate  directions, 
and  the  motion  is  transmitted  to  the  co^:- wheel  of  the 
reel  immediately  behind.      This  alternating   motion    is 
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necessary  in  order  to  keep  the   yam  well  opened   out, 
and  to  prevent  it  from  becoming  entangled. 

When  the  cotton  yarn  is  in  the  chain  form,  being 
intended  for  warps,  a  machine  similar  to  that  represented 
in  Fig.  51  is  employed.  In  its  simplest  form — namely, 
as  a  single-box  machine — it  consists  of  a  rectangular 
wooden  dyebeck  a,  fitted  above  and  below  with  a  series 
of  wooden  rollers,  and  at  the  end  with  a  pair  of  squeezing 
rollers.  The  machine  represented  is  a  two-box  machine, 
and  is  simply  a  duplication  of  that  just  described.  Six 
or  eight   warp-chains  G,  separated  by  the  guide-pegs  at 
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Fig.  51. — Warp-Dyeing  Macliiue. 

H,  are  passed  side  by  side  through  the  two  boxes  A  and 
B  in  the  direction  indicated.  The  squeezing  rollers  c  D 
prevent  as  much  as  possible  the  liquor  in  A  from  being 
drawn  over  by  the  warps  into  b,  which  contains  a  dif- 
ferent liquid.  As  the  warps  pass  out  of  the  machine, 
the  squeezing  rollers  ef  remove  excess  of  liquid  to 
facilitate  the  subsequent  drying.  At  J  the  warps  are 
again  separated  by  guide  pegs,  and  withdrawn  from  the 
machine  by  the  reel  K.  The  steam  pipes  L  l  serve  for 
heating  the  solutions  employed.  Some  machines  (6.^., 
those  used  for  dyeing  logwood-blacks)  have  as  many  as 
six  boxes,  each  box  being  filled  with  a  different  liquid, 
which  may  serve  for  mordanting,  dyeing,  washing,  &c. 
The  whole  machine  is  specially  arranged  to  make  the 
several  operations  continuous. 
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Washing  Machinery. — A  very  old  form  of  ■vrashing 
machine  is  the  so-called  "  "\rash-stocks,"  represented  in 
Fig  52.  It  consists  of  a  stout  wooden  or  iron  box  A 
of  special  shape,  in  which  are  placed  the  bundles  of  yarn 
F  to  be  washed.  Two  heavy  wooden  hammers  b  and  c, 
suspended  loosely  at   d,  are   alternately   raised  by  the 


Fig.  52.— Wash-stocks. 


cams  on  the  revolving  shaft  e,  and  fall  on  the  yam  in 
such  a  manner  that  its  position  is  continually  changed. 
A  perforated  pipe  H  supplies  the  trough  with  a  copious 
supply  of  water. 

One  of  the  best  forms  of  modern  hank-washing 
machines  is  that  shown  in  Figs.  53  and  54,  and  made 
by  Messrs.  Duncan  Stewart  and  Co.,  Glasgow.  It 
consists  of  a  U-shaped  wooden  trough  e,  with  a 
series  of  radial,  horizontal  arms,  c  D,  holding  the  yarn, 
supported  immediately  over  it.  The  axes  of  the  radial 
arms  are  fixed,  at  equal  distances,  to  the  endless  chain  a, 
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which  passes  round  the  large  pulleys  b  and  c.  The 
square  reel  of  each  ann  revolves  loosely  on  its  central 
axis,  the  end  of  which  rests  on  the  outer  edge  of  the 
trough.  At  the  end  nearest  the  chain  each  reel  has  a 
fixed  wheel  or  pulley.  The  rails  M  y,  on  which  these 
pulleys  rest,  receive  a  vigorous  to-and-fro  movement 
transmitted  by  the  crank  shaft  l,  and  thus  cause  the 
reels  to  revolve  rapidly  to  right  and  left  alternately,  and 
the  haLks  to  vary  their  point  of  suspension.  By  the 
revolution  of  the  large  pulleys  b  and  c,  actuated  by  the 
endless  screw  o,  the  radial  arms  receive  a  rapid  and  con- 
tinuous progressive  movement  in  the  direction  indicated 
by  the  arrows.  At  the  points  G  and  I  the  trough  is  dis- 
continued :  fresh  water  enters  at  g,  and  the  dirty  water 
passes  out  at  I.  As  the  arms  pass  between  the  space  g 
and  F,  the  washed  hanks  are  removed  and  at  once 
replaced  by  others  ready  for  washing.  These  enter  the 
trough  at  i,  and  pass  round,  in  a  direction  contraiy  to 
that  of  the  water-current,  to  the  point  g.  The  free,  un- 
supported ends  of  the  arms  droop  considerably  between 
the  points  G  and  F,  and  they  are  again  raised  to  the  hori- 
zontal position  by  moving  on  to  the  sloping  guide  rail 
situated  between  p  and  i.  The  first  movement  is  com- 
municated through  the  pulley  at  k.  The  handle  H  is  for 
starting  and  stopping  the  machine.  The  machine  is  made 
of  such  a  size  that  the  hanks  are  sufficiently  washed  after 
having  made  one  circulation  of  the  trough,  the  whole 
operation  being  really  continuous. 

Another  excellent  hank-washincr  machine  is  that  of 
A.  Weser,  Ell>erfeld,  represented  in  Fig.  bo. 

This  machine  consists  of  a  cistern  a,  with  water  inlet 
at  B,  and  outlet  at  c.  Situated  immediately  above  is  a 
series  of  movable  brass  reels  D,  attached  to  a  broad  end- 
less belt  or  chain  e.  This  is  caused  to  revolve  continu- 
ously in  one  direction  rotmd  the  two  large  vertical 
pulleys  F,  by  means  of  the  driving  pidley  G,  the  endless 
band  H,  and  the  cog-wheels  i. 

The  hanks  of  yam  are  suspended  on  the  reels  at  J, 
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and  carried  along  by 
the  lower  reels  so  as  to 
be  partly  immei'sed  in 
the  water  of  the  cis- 
tern A.  At  K  they  are 
removed,  being  tho- 
roughly washed,  and 
the  empty  reels  above 
travel  back  to  the  end 
J.  During  their  on- 
ward passage  the  hanks 
of  yarn  continuously 
receive  vigorous  and 
sudden  backward  and 
forward  movements, 
since  the  whole  system 
comprising  the  two 
large  pulleys  F,  the 
endless  belt  e,  and  the 
reels  d,  resting  on 
rockers  l,  or  otherwise 
supported,  is  driven  to- 
and-fro  by  means  of  the 
fly-wheel  m  and  crank 
shaft  N.  Since,  too, 
the  inner  discs  of  the 
reels  rest  on  guide  rails 
at  o  and  p,  each  back- 
ward and  forward 
movement  of  the  belt 
and  reels  causes  the 
latter  to  revolve  rapidly 
on  their  axes  alternately 
to  ricjht  and  left.  The 
total  efiect  of  the  simul- 
taneous, onward,  re- 
volving, and  to-and-fro 
movements  described  is 
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that  the  yarn  is  ra- 
pidly and  effectually 
washed  in  a  con- 
tinuous manner. 

Figure  56  gives 
a  perspective  view 
of  this  machine, 
slightly  modified,  in 
which  tlie  central 
system  of  reels, 
large  pulleys,  &c.,  is 
s-upported  by  means 
of  the  framework  r, 
and  moves  to  and 
fro  on  the  wheels  at 
s,  instead  of  on 
rockers. 

In  both  machines 
the  whole  action 
imitates  in  a  strik- 
ing manner  the 
washing  of  a  hank 
as  it  would  be  done 
by  hand. 

Excess  of  water 
is  best  removed  from 
wet  yarn  either  Idj 
means  of  the  hy- 
dro-extractor (see 
Fig.  72,  p.  281),  or 
by  the  hydraulic 
press  represented  in 
Fig.  90,  p.  435. 

I>7-ying  Machi- 
nery.— Cotton  yarn 
is  dried  by  suspend- 
ing the  hanks  on 
rods   or   poles,    and 
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hanging  these  in  large  and  well-ventilated  chambers  or 
stoves  heated  Ly  means  of  steam-pipes. 

Fig.  57  shows  a  continuous  hank-drying  arrangement 
of  MM.  Tulpin  freres,  Rouen.  It  consists  of  a  closed 
wooden  or  iron  chamber  A  B,  provided  with  openings  at 
each  end  for  the  entrance  and  exit  of  the  yarn.  The 
interior  is  heated  by  means  of  steam  pipes,  G,  and 
contains  ventilating  fans  H,  for  agitating  the  heated 
air.  A  ventilator  situated  above  draws  the  moist  air 
away,  and  causes  fresh  air  to  enter  the  chamber. 

An  endless  chain  c  traverses  the  interior  of  the  chamber 
in  a  zigzag  path,  and  supports  the  ends  of  the  rods  holding 
the  hanks  of  yarn.  The  wet  yarn  is  introduced  at  one 
end  of  the  chamber  e,  and  it  is  taken  off  dry  at  the 
other  D. 

A  small  engine  f  supplies  the  power  to  move  the 
endless  chain. 

218.  Cotton  Cloth.  —  Dyeing  Macliinery.  Cotton 
cloth  or  calico  is  dyed  in  a  wooden  or  cast-iron  dyebeck, 
over  which  a  winch  is  supported  (see  Fig.  74).  The 
beck  is  divided  longitudinally  by  a  perforated  diaphragm, 
which  is  open  below,  in  order  to  allow  the  pieces  to 
pass  freely  beneath  it.  The  pieces,  stitched  separately 
in  the  form  of  endless  ropes  or  bands,  are  drawn  by  the 
winch  continuously  in  the  same  direction,  and  are  pre- 
vented from  becoming  entangled  with  each  other  by 
means  of  a  series  of  wooden  guide  pegs  which  divide  the 
several  pieces. 

Fig.  58  gives  a  section  of  Mather  and  Piatt's 
spiral  dyeing  machine,  largely  used  by  calico-printers. 

A  is  the  cast-iron  dyebeck ;  b  the  drain  beneath ;  c 
the  winch ;  D,  a  perforated  steam-pipe  passing  through 
the  beck ;  e,  the  mid-feather  or  diaphragm  ;  F,  the  peg- 
rail  for  keeping  the  pieces  from  entangling ;  G  G,  handles 
and  tappet  shafts  for  putting  in  motion  or  stopping  the 
winch  ;  H  is  the  steam- valve. 

About  thirty  to  forty  pieces  stitched  end  to  end  are 
introduced  at  one  end  of  the  beck,  and  caused  to  pass 
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over  the  winch  and  through  the  liquor  in  a  spiral  manner 
until  the  other  end  of  the  beck  is  reached.  The  first 
end  of  the  cloth  haA-incj  been  brought  over  the  "winch  to 
the  front,  is  passed 
under  a  small 
pulley  and  led 
horizontally  be- 
hind the  strands 
of  cloth,  under  a 
second  pulley 
situated  at  the 
entering  end  of 
the  beck,  there  to 
be  stitched  to  the 
last  end  of  the 
pieces  and  led 
over  the  winch 
again.  By  this 
arrangement  a 
long  continuous 
band  of  cloth  is 
formed  which  gra- 
dually traverses 
the  whole  beck  in 
spiral  fashion,  yet 
not  in  a  state  of 
tension,  since  a 
few  yards  of  slack 
cloth  are  left  in 
the  loop  of  each 
spiral.  This  me- 
thod Ls  adopted 
in  order  to  obtain 
of  dye. 

Quite  a  different  dyeing  machine,  largely  used  by 
those  vrho  dye  cotton  linings,  unions,  &.C.,  is  the  so-called 
"jigger,"  a  section  of  which  is  represented  in  Fig.  59. 
In    this    machine   the    pieces    are    dyed    in   the    open 


Fig.  53.  — Spiral  Dyeing  Machine. 

as   much   as   possible    a  uniformity 
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width.  It  consists  of  a  wooden  dvebeck,  above  which 
are  two  fixed  rollers  with  oblique  arms  attached  to 
theii'  supports,  so  that  a  loose  roller  may  revolve 
against  them.  The  pieces  to  be  dyed  (say,  five  pieces 
of  seventy-five  yards  each)  are  stitched  end  to  end 
in  the  open  width  and  beamed  on  a  loose  roller. 
This  is    placed   on   one   of    the  oblique    arms,    and  the 

piece  is  led  down  into 
the  dye  liquor  beneath 
a  wooden  roller  at 
the  bottom,  and  then 
passed  upward  and 
around  the  fixed  roller 
on  the  opposite  side 
of  the  machine.  When 
the  whole  length  of 
cloth  has  run  through 
the  dye  liquor,  the 
movement  is  revereed, 
and  the  pieces  are 
now  caused  to  pass 
back  through  the  dye 
]  liquor  and  on  to  the 
opposite  fijxed  roller. 
In  this  manner  the 
pieces  are  passed  to 
and  fro  several  times,  and  only  during  the  last  passage, 
i.e.,  when  they  are  properly  dyed,  are  they  again  wrapped 
on  one  or  other  of  the  loose  roUei^.  In  the  most  com- 
plete arrangement  by  L.  Glover,  the  reversing  of  the 
modon  takes  place  automatically. 

Washing  }fachhiery. — There  are  numerous  kinds 
of  washing  machines  for  calico.  Perhaps  the  oldest 
form  of  machine  still  met  with  is  the  "  dash  wheel." 
It  consists  of  a  large,  hollow,  wooden  drum,  divided 
internally  into  four  compartments,  each  of  which  is  pro- 
vided with  a  hole  for  introducing  the  material  Jets  of 
water  are  admitted   by    slits,   and  there  are  numerous 


Fig.  59.— Lancashire  Jigger  Dyeing 
Machine. 
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holes  in  the  periphery  for  the  exit  of  dirty  water.     One 
or  two  pieces  of  cloth  are  put  into  each  compartment  of 


the  drum,  and  during  the  revolution  of  the  latter  they 
are  tossed  from  side  to  side. 

Figs.  60  and  61  represent  a  washing  machine  largely 
used  by  bleachers.  It  consists  of  a  water  trough,  b, 
above  which  a  pair  of  heavy  wooden  squeezing  rollers  a  a, 
are  supported.  The  pieces  to  be  washed,  stitched  end 
to  end  in  the  chain  form,  are  passed  spirally  between  the 
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squeezing  rollers  and  down  beneath  a  roUer  R,  fixed  in 
the  lower  part  of  the  washing  trough ;  c  are  guide-pegs 
to  keep  the  several  strands  separated ;  G  is  the  water- 
main  ;  E  the 
water-tap ;  k  and 
w  are  the  screws, 
levers,  and 
weights  for  regu- 
lating the  f)res- 
sure  of  the 
squeezing     bowls 


against 
other  : 


each 

s  s    are 


strong  brass  rinses, 
or  "  straining 
eyes/'  capable  of 
being  turned 
more  or  less  ob- 
liquely, to  give 
the  proper  degree 
of  tension  to  the 
jDieces  on  entering 
the  machine. 
The  diagram 
represents  tw^o 
sets  of  pieces 
being  washed  si- 
multaneously, en- 
tering the  ma- 
chine at  the  ends 
and  makhig  their 
exit  at  the  centre. 
Fig.  62  re- 
presents another  washing  machine  in  which  the  pieces 
also  travel  spirally  between  a  pair  of  squeezing  rollers. 
The  water  trough  in  tliis  case  is  shallow  and  provided 
with  two  rollers — a  square  one  A,  immediately  below  the 
squeezing  rollers,   and  a  round  one  B,  with  ribs.     The 


Fig.  61.— Side  View  of  Fig. 


60. 


Pig.  63.— Squeezing  Eollerg. 


266 


DYEING    OF    TEXTILE    FABRICS. 


[CLap.  XIL 


square  roller,  or  "  beater,"  revolves  in  a  direction  con- 
ti-ary  to  tliat  of  tlie  pieces,  wMch  tlius  receive  a  violent 
flapping  motion  -vrhile  moving  in  a  state  of  tension  along 
the  suifece  of  the  water.  This  machine  serves  admimbly 
for  the  expulsion  of  particles  of  dye  woods,  <fec.,  from 
dyed  pieces. 

Excess  of  water  may  be  removed  from  wet  calico  by 
means  of  the  ordinary 
squeezer  represented  in 
Fig.  63.  This  machine 
consists  of  a  pair  of  hard 
wooden  rollers,  a  a  ;  com- 
pound levers  e  b,  with 
weights  and  screw  c,  servo 
to  regulate  the  pressure  of 
the  bowls  against  each 
other.  A  small  water 
trough  DD  is  frequently 
situated  l>eneath  the 
bowls. 

A  more  durable 
"squeezer"  is  that  of 
W.  Birch,  represented  in 
Figs.  64  and  65,  and  now 
very  generally  adopted  in 
calico  bleach  works,  kc. 
In  this  machine  the  cloth 
strand  is  confined  and 
compressed  in  a  narrow 
groove.  The  fabric  E  is 
di-awn  into  the  squeezer 
with    tolerably    uniform 

tension  ensur^  by  reason  of  the  swing  Vjar  D.  The  ten- 
sion bars  T  T  are  fixed  in  such  a  position  that  the  cloth 
in  going  over  the  roller  e  and  through  the  pot  eye  p,  is 
somewhat  tightly  drawn  to  the  lx)ttom  of  the  grooved 
roller  a  before  it  passes  through  the  "  nip ; "  this  tension 
is  necessary  to  prevent  the  piece  from  becoming  damaged. 


Fig.  6i. — Birch's  Squeezing  Roller 
(Front  riew). 
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The  cloth  is  drawn  from  the  machine  by  means  of  a 
roller  or  winch  actuated  by  the  pulley  M.  The  pressure 
of  the  brass  disc  b  against  the  grooved  roller  a  is  regu- 
lated by  the  screw  c  connected  with  lever  and  spring  ; 
N  N  are  fast  and  loose  dri^-ing  pulleys.  ,  .    ,    . 

Drying  MacJiinery.—Ca\ico   is    frequently   dried   m 


Fig.  65.— Side  View  of  Fig.  64. 

stoves  heated   with  hot   flues    or  steam    pipes  situated 
in  the  basement  (see  p.  441). 

The  internal  arrangement  for  suspending  the  pieces 
varies.  In  some  the  building  is  one-storeyed,  and  the 
pieces  are  suspended  in  zigzag  fashion  from  wooden 
rails  placed  near  the  roof,  so  that  the  loose  folds  come 
within  a  few  feet  of  the  iron  grating  over  the  flues.     In 
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others,  the  stove  is  divided  into  sevei-al  storeys,  each  ^vith 
floors  of  iron  grating,  and  furnished  with  wooden  frame- 
work ha^'ing  long  parallel  rows  of  upright  wooden  pegs. 
One  selvedge  of  the  pieces  is  passed  alternately  fi'om 
right  to  left,  and  twisted  over  the  pegs.     By  this  plan  of 


Tig.  C6. — Hot-air  Drying  Michiiie. 


hanging  it  is  possible  to  pack  a  much  larger  quantity  of 
cloth  into  a  given  space. 

Calico  is  also  dried  by  means  of  the  steam-cylinder 
drying  machine  described  on  p.  2SQ. 

When  it  is  not  desirable  that  the  cloth  should  come 
into  actual  contact  with  a  heated  metallic  surface — e.g., 
in  drying  cloth  after  impregnating  it  with  mordants  which 
are  injuriously  affected  by  a  high  temperature — the  pieces 
may  be  made  to  traverse  a  closed  hot-air  chamber  fitted 
with  wooden  rollers  at  the  top  and  bottom.  Fig.  66  shows 
the  arrangement  used  by  the  calico-printer  for  drying  the 
pieces  immediately  after  printing.  The  fan  d  drives  a 
cun-ent  of  air  in  a  zigzag  course  along  the  channels  c  sur- 
rounding the  steam  pipes  b.  The  heated  air  passes  into 
the  upper  drying  chamber,  there  moves  in  a   direction 
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contrary  to  that  of  the  pieces,  and  makes  exit  at  the  top. 
In  this  particular  case  three  different  pieces  of  cloth  are, 
dried  simultaneously  :   the  printed  piece  E,  the  back-cloth 
or  grey  G,  and  the  endless  blanket  h. 

In  some  cases  calico  is  dried  on  the  so-called  "  tenter- 
ing "  machine,  similar  to  those  used  for  woollen  cloth 
{see  p.  287). 

NOTES    ON    WOOL    DYEING. 

219.  Methods  of  Wool  Dyeing.— The  methods  of 
dyeing  wool  differ  considerably  from  those  emj^loyed  for 
cotton  and  other  vegetable  fibres. 

Wool  has  a  much  greater  affinity  than  cotton  for  most 
of  those  colouring  matters  in  which  the  colour  is  ready 
formed  and  does  not  require  developing  by  the  use  of  mor- 
dants. Such  is  the  case,  for  example,  with  a  number  of 
the  coal-tar  colours.  It  is  sufficient  in  many  cases  to  add 
the  solution  of  the  colouring  matters  to  the  cold  or  tepid 
water  contained  in  the  dye-bath,  and  after  introducing  the 
woollen  material,  to  raise  the  temperature  of  the  solution. 
With  such  colouring  matters  as  require  a  mordant  to 
develop  the  colour  they  yield,  e.g.,  Logwood,  Camwood, 
Cochineal,  &c.,  the  exact  mode  of  dyeing  varies  according 
to  the  nature  of  the  colouring  principle  and  the  mordant. 
The  following  three  methods  are  employed  in  practice  : — 

1.  The  wool  is  first  boiled  in  a  solution  of  the  metallic 
salt  or  mordant,  and  afterwards  in  a  fresh  bath  con- 
taining the  solution  of  the  colouring  matter  or  dyewood 
decoction.  In  other  words,  the  wool  is  mordanted  first 
and  dyed  afterwards.  Dyers  sometimes  call  the  colours 
dyed  by  this  method  "  prepared  colours.  "  The  mordanted 
cloth  is  said  to  be  "prepared." 

2.  The  wool  is  boiled  in  a  solution  of  the  colouring 
matter  or  dyewood  decoction,  and  when,  after  some  time, 
it  has  absorbed  as  much  of  the  colouring  principle  as 
possible,  the  colour  is  developed  and  fixed  on  the  wool  by 
adding  the  mordant  to  the  same  bath.  This  method 
has  been  generally  adopted  with  certain  mordants  wh:'ch 
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produce  dark  or  sombre  shades  of  colour,  and  is  called  the 
"  stuifing  "  and  "  saddening  ''  method  ;  the  "  stuffing  " 
being  the  boiling  of  the  wool  -with  the  dye-stufi^  and  the 
"  saddening  "  the  subsequent  operation  of  developing  the 
colour  by  adding  the  mordant 

3.  The  wool  is  boiled  in  a  solution  containing  both 
colouring  matter  and  mordant  from  the  beginning  of 
the  operation.  In  this  case  the  colouiing  matter  and 
mordant  combine  with  each  other  to  form  a  coloured 
body  which  an  excess  of  the  mordant  dissolves  j  fi-om 
the  solution  it  is  gradually  absorbed  by  the  wooL 

4   Combination  of  1  and  2.     Mordant,  dye,  sadden. 

220.  The  Mordanting  and  Dyeing  Method. — The 
best  example  of  the  tirst  method  is  afforded  in  the  black 
dyeing  of  wool  by  means  of  potassium  dichromate  and 
Logwood.  The  method  can  be  employed  with  most  of 
the  natxiral  colouring  matters  or  dye  woods  in  conjunction 
with  the  following  mordants — alum,  potassium  dichro- 
mate, chrome-alum,  stannous  chloride.  ^Mien  it  is  carried 
out  in  its  entirety,  the  fabric  should  be  well  washed  be- 
tween the  mordanting  and  dyeing  processes,  in  order  to 
prevent  any  mordant  which  is  not  fixed  on  the  wool  from 
Ixring  carried  over  into  the  dye-bath  ;  otherwise  it  would 
not  only  cause  loss  of  colouiing  matter  by  precipitating  it 
in  the  bath,  but  might  also  prevent  the  dye-stuff  fi'om 
yieldincr  its  colouiing  matter  to  the  solution. 

One  advantage  of  this  method  is,  that  the  solutions 
used  for  mordanting  and  dyeing  can  be  preserved  for  suc- 
cessive lots  of  material,  and  need  only  to  be  replenished 
occasion^y.  This  implies  that  the  mordant  and  colouiing 
matter  are  better  utilised. 

Another  advantage  is  that  the  dyer  can  "  match-off " 
to  any  exact  shade  with  very  little  trouble,  since  the 
mordant  determines  the  tone  of  colour,  and  this  being 
once  fixed  on  the  wool,  the  proportions  of  the  various 
dyewoods  required  can  be  frequently  altered  until  the  de- 
sired shade  is  obtained.  To  ensure  success  in  this  matter 
it  is  only  necessary  to  add  in  the  Ijeginning   a  slight 


Chap.  Xn.]  METHODS    OF    WOOL    DYEING.  271 

deliciency  of  each  dyewood,  since  it  is  evident  that  no 
modification  of  the  proportions  would  rectify  the  eiTor 
caused  by  employing  an  excess  of  dyewood.  As  a  rule,  it 
may  be  said  that  from  a  given  weight  of  dyewood  and 
mordant,  this  method  of  dyeing  produces  colours  which  are 
deeper  and  richer  in  tone,  and  faster  against  milling  than 
those  obtained  by  any  other  method.  ° 

Its  only  disadvantage  is  that  it  requires  more  time 
and  labour,  and,  consequently,  expense. 

221.  The  Stuffing  and  Saddening  Method.  —  The 
dyeing  of  a  claret-brown  by  means  of  Camwood  and  feiTous 
sulphate  IS  a  good  example  of  this  method  which  is  appli- 
cable with  some  of  the  natural  matters.  TJie  mordants 
generally  employed  are  ferrous  sulphate,  copper  sulphate, 
or  potassium  dichromate,  and  occasionally  alum . 
^  When  Catechu  is  used  as  the  dye-stuff,  the  saddenincr 
IS  preferably  effected  in  a  separate  bath— e.^.,  by  means  of 
potassium  dichromate— since  in  this  case  both  baths  can 
be  preserved  and  used  continuously  for  successive  lots  of 
woollen  material. 

The  same  may  be  said  of  dyeing  the  claret-brown  just 
mentioned  ;  mdeed,  the  use  of  two  baths  in  this  method 
might  be  adopted,  whatever  be  the  colouring  matter  or 
mordant  employed,  but  this  would  in  many  cases  possess 
no  material  advantage  over  the  method  of  mordanting 
first  and  dyeing  afterwards.  ° 

The  following  are  the  advantages  when  the  stuffing 
and  saddemng  take  place  in  one  bath  :— 

The  time,  labour,  and  expense  are  less. 
_     The  desired  tone  of    colour  required  may  be  some- 
times  obtained  more  readily. 

The  disadvantages  are  more  numerous  : 

The  colour  is  generally  not  so  fast  against  milling 
and  rubbing,  from  which  it  appears  that  it  is  fixed  more 
superficially  than  by  the  first  method. 

•  A^\K^'^^  ''^^^  ^^^^  ^^  "^y^  ^o  an  exact  shade: 
indeed,  this  can  be  done  only  after  long  experience.  The 
method  demands  that  the  coiTect  proportions  of  dyewoods 
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required  for  any  given  shade  be  added  to  the  bath  before 
the  saddening  is  effected,  i.e.,  at  a  stage  when  the  colour 
of  the  wool  gives  little  or  no  indication  of  the  ultimate 
colour  produced  by  the  action  of  the  mordant.  Any 
misjudged  proportions  wotild  make  little  difference  if, 
after  saddening,  one  could  add  with  effect  fresh  quantities 
of  one  or  other  of  the  dyewoods  still  needed.  This, 
however,  is  inadmissible,  if  economy  of  dye-stuffs  is 
studied,  because  the  mordant  present  in  the  bath  not 
only  prevents  the  extraction  of  colouiing  matter,  but 
even  tends  to  precipitate  it  within  the  dyewood  itself, 
and  in  the  liquor.  It  is  e%ident,  therefore,  that  it  would 
only  yield  a  useful  effect  after  a  large  excess  of  dyewood 
had  been  added,  and  after  this  a  further  quantity  of 
mordant  would  require  to  be  added.  As  a  rule,  mis- 
takes in  "  shading  ''  of  the  kind  mentioned  are  rectilied, 
so  far  as  new  shades  are  concerned,  by  adding  to  the 
dye-bath  small  quantities  of  some  veiy  soluble  colouring 
matter  requiring  no  mordant — e.c/.,  Cudbear,  Turmeric,  or 
Indigo  Extract — by  which  it  is  comparatively  easy  to  ob- 
tain the  exact  tint  required,  since  they  at  once  dye  the  wool 
with  their  proper  and  only  colour.  With  such  dyestuffs, 
however,  these  last  touches  of  colour  put  upon  the  wool 
do  not  generally  possess  the  fastness  against  light,  soap, 
and  milling,  of  the  fundamental  colour. 

The  method  gives  rise  in  most  cases  to  mtich 
loss  of  dyestuff,  since  the  wool  never  absorbs  the 
whole  of  the  colouring  matter,  however  prolonged  the 
boiling  with  the  dyewood  before  saddening  may 
be,  and  all  the  colouring  matter  still  unabsorbed  is 
rendered  insoluble  and  useless  by  the  addition  of  the 
mordant  or  saddening  agent.  After  saddening,  the  bath 
is  thrown  away,  and  the  dense  inky  liquore  and  precipi- 
tates increase  the  pollution  of  the  river  or  stream. 

There  are,  indeed,  many  cases  in  which  saddening  in  a 
sepai^te  bath  does  not  quite  ^ield  such  full  colours  as  when 
a  single  bath  is  employed,  since,  even  after  the  addition 
of  the  mordant  or  saddening  agent,  the  dyeing  still  goes 


Chap.  XII.l  METHODS    OF    WOOL    DYEINO.  273 

on  to  some  extent,  the  colour  precipitated  in  the  bath  not 
being  entirely  insoluble,  especially  in  the  presence  of  a 
slight  excess  of  the  mordant.  Such  is  the  case,  e.g.,  with 
Logwood  and  ferrous  sulphate,  Logwood  and  copper  sul- 
jjhate.  Madder  and  potassium  dichromate,  Logwood  and 
alum,  etc. 

222.  The  Single  Bath  Method.— As  an  example  of 
the  third  or  "  one-dip  "  method  of  dyeing,  in  which  the 
wool  is  dyed  from  the  beginning  with  a  mixture  of 
colouring  matter  and  mordant,  one  may  quote  the  dyeing 
of  cochineal  scarlet.  This  method  can  be  carried  out 
only  with  those  colouring  matters  and  mordants  which, 
when  used  together,  yield  precipitates  somewhat  soluble 
in  the  acid  liquid  of  the  bath,  e.g.,  Cochineal  and  stannous 
chloride,  yellow  dyewoods  and  alum  or  stannous  chloride, 
LogAvood  and  ferrous  sulphate  or  copper  sulphate.  Madder 
and  potassium  dichromate,  tfec. 

Although  in  all  cases  the  colour  is  not  quite  so 
full  and  deep  as  that  obtained  by  mordanting  first  and 
dyeing  afterwards,  it  may  still  be  sufficiently  near  the 
maximum  intensity  obtainable,  to  cause  the  process  to 
be  preferred  in  practice  before  any  other,  since  it 
means,  of  course,  a  great  saving  in  time,  labour,  and 
steam.  In  some  cases,  too,  it  gives  a  very  much  brighter 
colour  than  the  other  methods ;  the  presence  of  the  mor- 
dant in  the  bath  prevents  the  impure  extractive  matters, 
tannic  acid,  <tc.,  from  becoming  fixed  on  the  wool.  This 
action  is  very  marked  in  the  case  of  the  yellow  dye- 
woods  when  used  with  alum  or  stannous  chloride.  With 
Logwood  and  copper  sulphate,  ferrous  sulphate,  oralum,  the 
full  colouring  power  of  the  dyewood  is  not  obtained,  but, 
notwithstanding  this,  the  method  may  be  and  is  adopted 
in  practice,  the  chief  advantages  gained  being  a  sa^'ing  of 
time  and  labour,  and  the  requirement  of  less  apparatus. 

The  "  stuffing  and  saddening  "  method,  and  the  "  one- 
dip  "  method,  are  useful  and  economical  whenever  light 
colours    are    required,    since    in    such    colours    the    time 
and  labour  expended  cost  far  more  than  the  materials, 
s 
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Sometimes,    too,    the   light   shades    obtained    by   these 
methods  are  more  uniform. 

223.  The  Mordanting,  Dyeing,  and  Saddening 
Method. — The  fourth  method  mentioned,  in  which  the 
wool  is  mordanted,  dyed,  and  saddened,  is  adopted  when 
it  is  desired  to  obtain  the  maximum  fastness  of  colour, 
e.g.,  in  tweed-j'arns.  As  an  example  of  this  method  may 
be  given,  a  fast  black  for  tlie  production  of  which  the  wool 
is  first  mordanted  with  potassium  dichromate,  then  dyed 
in  a  fresh  bath  with  Logwood,  and  finally  saddened  by 
passing  through  a  fresh  hot  bath  containing  potassium 
dichromate.  Another  example  is,  the  clai^et-brown  pro- 
duced by  mordanting  with  potassium  dichromate,  dyeing 
in  a  fresh  bath  with  Camwood,  and  saddening  in  the  same 
bath  with  ferrous  sulphate,  towards  the  end  of  the  opera- 
tion. In  these  and  similar  cases,  there  is  always  a  certain 
amount  of  the  colouring  matter  which  is  merely  absorbed 
by  the  wool,  and  not  in  combination  with  the  mordant, 
and  it  is  this  uncombined  colouring  matter  which  the 
additional  saddening  fixes.  Excess  of  mordant  must  be 
avoided,  otherwise  the  colours  on  the  wool  are  a])t  to 
have  an  unpleasant  metallic  lustre  (they  assume  a  bronzy, 
inisty  appearance)  :  especially  is  this  the  case  with  log- 
wood and  iion  blacks. 

Sometimes  this  additional  mordanting  operation  has 
the  object  of  modifying,  and  even  brightening,  the  colour 
alreadv  on  the  wooL  In  such  case  the  term  saddening  is 
inappropriate,  and  the  operation  is  called  "brightening" 
or  "  blooming."  The  agents  used  for  this  purpose  are 
solutions  of  tin  or  alum. 

224.  Operations,  &c.,  in  Wool  Dyeing. — Wool  is 
dyed  in  all  the  vaiious  stages  of  its  manufacture,  namely, 
as  mispun  wool,  slubbing  (i.e.,  the  product  of  a  ^preparatory 
stage  of  the  spinning  process),  yam,  cloth,  worn  clothing, 
i-ags,  and  shoddy  {i.e.,  woollen  rags  torn  up  into  flocks). 

When  the  dyer  receives  it  in  the  form  of  raw-v:ool, 
his  first  duty  is  to  wash  it  well  with  tepid  water,  and 
then  to  scour  it  {see  Wool  Scouring),  in  order  to  remove 


Cliap.  XII.]  OPERATIONS    IN    WOOL    DYEING.  2iO 

all  those  natural  impurities  adhering  to  the  fibre,  which 
otherwise  would  seriously  impede  the  entrance  of  the 
dye,  and  produce  very  unsatisfactory  results. 

If  the  wool  is  in  the  form  of  sliibhing,  or  of  yarrij 
the  washing  and  scouring  of  the  raw-wool  have  already 
been  performed  by  the  spinner,  but  in  order  to  facilitate 
the  sj)inning  processes,  and  to  prevent  breaking  of  the  fibre 
during  the  scribbling,  &c.,  the  scoured  wool  has  been 
again  impregnated  with  oil.  The  dyer  must  therefore  first 
remove  this  by  a  second  scouring  process,  if  he  desires  to 
obtain  the  best  results  in  dyeing. 

From  motives  of  economy,  the  scouring  of  slubbing 
and  yarn  is  sometimes  omitted,  e.g.^  in  the  case  of  low- 
class,  cheap,  carpet  yarns,  (fee.  Only  experiment  can 
show  wdth  what  dyes  such  liberty  can  be  taken  with 
impunity,  but  in  any  case  it  is  very  irrational. 

Woollen  Cloth  is  sometimes  sent  to  the  dyer  still 
saturated  wdth  the  oil  used  by  the  spinner ;  sometimes  it 
is  already  in  an  advanced  stage  of  manufacture,  having 
gone  through  the  operations  of  scouring,  milling,  raising, 
cropping,  pressing,  and  boiling ;  hence,  a  preliminary 
washing  and  scouring  is  or  is  not  necessary,  according 
to  the  stage  in  which  the  dyer  receives  the  material. 

Wetting-out. — In  all  cases,  in  whatever  stage  of  manu- 
facture the  wool  may  be,  it  is  essential  that,  previous  to 
being  introduced  into  the  dye-bath,  it  should  be  thoroughly 
well  "wetted -out"  by  a  passage  first  through  hot,  then 
through  cold  water,  and  subsequent  squeezing,  in  order 
to  ensure  ultimately  an  even  or  level  dye,  i.e.,  that  the 
colour  shall  penetrate  each  fibre  regularly,  and  be  uni- 
formly diffused  over  the  whole  fabric.  If  wool  were 
placed  in  the  colour  or  mordant  solution  in  the  dry 
condition,  the  large  quantity  of  mechanically-enclosed  air 
would,  for  a  time  at  least,  prevent  a  proper  and  regular 
contact  between  the  solution  and  the  fibre,  and  an  uneven, 
irregular  dye  would  inevitably  result. 

Temperature  of  Dye-hath. — Generally  speaking,  the 
mordant   or   dye-bath   is   heated  to   the   boiling   point. 
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Great/er  intensity  of  colour  is  thus  obtained,  owing  to  the 
softening  of  the  substance  of  the  fibre,  the  expansion  of 
the  external  scales,  and  a  more  complete  expulsion  of  air, 
all  of  which  permit  a  readier  entrance  of  the  solution  to 
the  inner  portions  of  the  fibre.  The  employment  of  a 
high  temperature  becomes  more  necessary,  the  thicker 
and  closer  the  texture  of  the  material  to  be  dyed,  the  less 
the  liability  to  dissociation  of  the  mordant,  and  the 
gi'eater  the  insolubility  of  the  colouring  matter  employed. 
In  some  cases,  however,  the  higher  temperature  must  be 
avoided,  since  it  may  be  detnmental  to  the  attainment  of 
the  brightest  colour,  p.g.^  with  Indigo  Carmine,  Magenta, 
Phosphine,  Alkali  Blue,  Erythrosine,  ttc. 

LevtJ Dyeing. — Some  colouring  mattei'^  show  a  decided 
tendency  to  dye  unevenly ;  with  such,  it  is  always  ad- 
visable to  introduce  the  material  into  the  dye-bath  at  a 
low  temperature,  and  then  to  raise  the  temperature  very 
gradually  to  the  lx)iling  point. 

When  soluble  colouring  matters  are  employed,  it  is 
well  to  prepare  solutions  previously,  and  add  them  to 
the  dve-bath  ah'eadv  containins:  the  necessary  amount  of 
cold  or  tepid  water.  Ground  dyewoods,  either  loose  or 
enclosed  in  bags,  should  be  boiled  in  a  bath  about  half 
full  of  water,  the  full  complement  of  cold  water  l>eing 
added  afterwards,  in  order  that  the  temperatui-e  may  be 
suitably  lowered  previous  to  the  introduction  of  the 
materials  to  Ije  dyed. 

Another  method  is  to  add  the  colourins:  matter  to 
the  dye-bath  gradually,  in  which  case  the  textile  material 
should  be  withdrawn  before  each  addition,  unless  the 
forai  of  dye-bath  renders  this  unnecessary. 

A  third  plan,  which  proves  to  be  efficacious,  particu- 
larly when  extremely  soluble  colourins:  mattere  are 
employed,  is  to  add  along  with  the  colouring  matter  a 
certain  proportion  of  some  neutral  salt,  e.g.^  sodium 
sulphate,  common  salt,  kc.  This  addition  rendei-s  the 
colouring  matter  somewhat  less  soluble,  and  hence  it  is 
absorbed  by  the  wool   more  slowly.     Above  all,  there 
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must  be  a  continual  motion  given  to  the  textile  materials 
during  the  mordanting  and  dyeing  processes,  so  that  each 
portion  may  be  equally  presented  to  the  action  of  the 
mordant  or  colouring  matter.  This  is  effected  either  by- 
hand  or  by  machine. 

The  operations  which  follow  the  dyeing  process  vary 
according  to  the  material  and  the  colouring  matters 
employed.  In  general,'  the  loosely  adhering  dye-stuff"  is 
washed  off,  the  excess  of  water  is  removed,  and  the  goods 
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Pig.  67.  — McNaught's  Wool-Drying  Macliine  {Section). 

are  finally  dried.  Finishing  processes  are  not  considered 
in  this  manual. 

225.  Unspun  Wool. — Dyeing  Maddnery.  The  dye- 
vessel  employed  for  loose-wool  consists  of  a  large  open 
cylindrical  cast-iron  pan,  similar  to  the  indigo- vat  shown 
on  p.  305.  It  is  provided  with  an  emptying  pipe  below, 
covered  with  a  sieve,  beneath  which  enters  also  the 
steam-pipe  for  heating  purposes.  In  many  cases,  direct 
fire  heat  is  applied  instead  of  steam,  and  for  such  large 
volumes  of  water  as  are  usually  employed  in  loose-wool 
dyeing  the  plan  is  economical.  The  stirring  of  the  wool 
is  effected  by  stout  wooden  poles,  which  are  worked  by 
hand.    (Vacuum  dyeing  machines  may  also  be  employed.) 

Washing  MacJdnery . — Loose- wool  is  usually  washed 
in  the  dye- vat,  by  running  off  the  dye-liquor,  refilling  the 
vat  with  water,  and  stirring  up  tlie  wool  with  poles,  re- 
peating the  operation  as  frequently  as  may  be  necessary. 
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The  wool-scouring  machine  may 
also  be  iised  for  washing  {see 
p.  100).  Before  drying,  loose-wool 
is  passed  through  a  pair  of  squeez- 
ing rollers,  or  the  excess  of  water 
is  removed  by  the  hydro-extractor. 

Drying  Machinery. — The  wool 
may  be  dried  intermittently  in  an 
apparatus  like  that  of  McNaught, 
represented  in  Figs.  67  and  68. 

It  consists  of  a  series  of  steara- 
])ipes  c,  immediately  above  which 
the  wool  is  spread  out  on  a  large 
surface  of  galvanised  wire  netting  h. 
Beneath,  in  a  box-like  space,  two 
ventilating  fans  a  drive  the  heated 
air  through  the  layer  of  damp 
Avool.  This  may  also  be  eftected 
by  means  of  a  centrifugal  fan. 
Steam  is  supplied  by  the  pipe  e ; 
d  is  a  tube  for  conveying  oil  to  the 
bearings  of  the  fans. 

Loose-wool  may  also  be  dried 
in  a  continuous  manner  by  Nor- 
ton's machine,  shown  in  Fig.  69. 

The  damp  wool  is  placed  on 
the  feeding-apron  A,  and  passed 
continuously,  in  zigzag  fashion, 
through  a  hot  -  air  chamber,  l)y 
means  of  the  endless  bands  B.  c, 
D,  E.  The  dry  wool  leaves  the 
chamber  at  i.  The  fan  F  drives 
the  external  air,  heated  by  the 
steam-tubes  H,  into  the  space  J,  and 
thence  into  the  chamber  ;  the  moist 
air  escapes  by  k  ;  M  and  L  are  the 
inlet  and  outlet  tubes  connected 
with  the  steam-pipes  h. 
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226.  Woollen  Yarn. — Dijeiivj  Machinery.     For  yarn 
dyeing,  the  simplest  apparatus  is  a  substantially  made, 


Fig.  69.— ContmuoHS  Wool-Drying  Machine. 

rectangular,  wooden  box  A,  about  f — 1  metre  wide,  and 
varying  in  length  and  depth  to  suit  difierent  quantities 
of  material  {see  Fig.  70)^  also  Fig.  45,  p.  186. 

The  water  is  heated  by  means  of  a  perforated  copper 
steam-pipe  d,  running  centrally  along  the  bottom.     In 
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Fi;-'.  70.— Woollen  Y'am  Dyeing  Zl^Iacliine. 

the  most  complete  arrangement,   there  is  also  a  closed 
copper  worm-pipe,  so  that  the  dyer  may  employ  either 
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tlie  one  or  the  other  in  order  to  maintain  the  liquid  at  a 
constant  level.  Cold  water  taps  for  tilling,  and  draw-off 
plugs,  are  conveniently  situated. 

The   hanks   of  yarn  b  are  hung  on   square  wooden 


Fig.  71.— Pitt's  Woollen  Yam  Dyeing  Machine. 

rods  c,  placed  across  the  tank,  and  turned  by  hand,  as 
described  on  p.  105  for  yam-scouring. 

An  excellent  example  of  a  machine  specially  adapted 
for  dyeing  icoolkn  yarn  is  that  of  Messrs.  Pitt  Bros., 
and  illustrated  in  Fig.  71.  The  vat,  which  is  of  the 
ordinary  kind,  is  provided  with  a  light  ii'on  frame  a 
resting  upon  the  edges  of  three  of  its  sides  and  beneath 
the  ends  of  the  rods  of  yam.  This  frame  can  be  moved 
up  or  down   by  means  of  the  chains   b,   and  thus  the 
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whole  of  the  \vooden  rollers  holding  the  yarn  can  be  im- 
mersed in  or  removed  from  the  vat  liquor  simultaneously. 
When  the  frame  is  lowered,  the  ends  of  the  axes  of  the 
rollers  rest  in  the  sockets  c  fixed  on  each  side  of  the  vat. 
The  turning  of  the  hanks  is  effected  by  loose  wooden 
blades,  which  are  inserted  within  the  loop  of  the  hanks, 
and  close  to  the  supporting  roller.  The  ends  of  these  blades 
project  and  rest  in  a  series  of  forks  or  notches  fixed  on 


FiiT.  72. — Hvdro-extractor. 


horizontal  rails  d,  situated  on  both  sides  of  the  vat.  By 
means  of  a  complicated  system  of  levers  e,  actuated  by  a 
pail'  of  cams,  the  rails  D  are  moved  both  vertically  and 
horizontally  in  such  a  manner  that  a  small  circle  is  de- 
scribed by  the  vrooden  blades  which  they  suj^port.  Each 
blade  is  raised  above  the  roller  on  which  the  yarn  is 
suspended,  then  moves  away  from  it,  and  then  falls ;  the 
point  of  suspension  of  the  yarn  is  thus  being  continually 
altered,  and  the  varn  is  drawn  intermittent! v  across  the 
rollers.  The  movement  of  the  yarn  is  indeed  very  similar 
to  that  which  it  receives  when  worked  by  hand,  the 
difference  being  simply  one  of  degree  and  not  of  kind. 
Washing   Machinery/. — Woollen   yarn   is   washed   by 
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Fig.  73. — Arrangement  for  Drying  Yarn  in  the  oijen  air. 

hand  in  a  rectangular  wooden  box,  identical  with  that  used 
for  dyeing,  or  the  rods  full  of  yarn  are  placed  under  a  per- 
forated wooden  drainer,  where  they  receive  a  shower  bath. 


Fig.  74— Pair  of  Winch  Dyeing  Machines  for  Cloth, 
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Excess  of  water  is  removed  from  woollen  yam  by- 
means  of  the  hydro-extractor  (Fig.  72).  That  made  by  T. 
Broadbent  <fe  Sons  consists  of  a  drum  or  cage  of  galvanised 
or  copper  wire-work  A  a',  so  supported  that  it  can  be  made 
to  revolve,  by  means  of  an   engine,   very  rapidly  (e.^., 

1,500  revolutions  per 
minute),  with  a  per- 
fectly smooth  move- 
ment. The  cage  is 
enclosed  in  a  suitable 
cast-iron  casing  b. 
The  wet  yarn  is 
placed  as  evenly  as 
jx)ssible  in  the  cage 
to  balance  it.  The 
water  is  expressed  by 
the  powerful  centri- 
fugal force  developed 
during  the  revolution 
of  the  cage,  and 
makes  its  exit  by  the 
pipe  c. 

Drying.— Woollen 
yarn  is  dried  in 
stoves,  or  in  the  open 
air 


as  shown  in  Fig. 


/  o. 


Fie. 


227.  Woollen 
Cloth. — Dyeing  Ma- 

.— Woollen  Cloth-Squeezing  Machine.    cliilieriJ.         W^oollcn 

cloth,  like  yai-n,  is 
dyed  in  a  rectangular  wooden  vat.  In  the  better 
forms  of  apparatus,  a  perforated  wooden  partition 
divides  off  a  small  portion  in  front,  into  which  dye- 
wares,  ttc,  can  be  added  without  necessitating  the  re- 
moval of  the  goods  from  the  dye-liquor  ;  the  perforated 
steam-pipe  for  heating  is  also  situated  at  the  bottom  of 
tliis  compartment.     After  introduciug  the  pieces,  they 
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fire  stitched  end  to  end,  to  form  an  endless  band ;  this  is 
supported,  and  drawn  continuously  through  the  liquor 
by  means  of  reels  or  winches  placed  above,  and  driven  by 
power. 

Fig.  74  gives  a  perspective  view  of  an  arrangement 
by  W.  Kemp,  of  Leeds. 
During  the  movement 
of  the  pieces,  it  is  the 
special  duty  of  an 
attendant  to  see  that 
any  knots  which  may 
be  fonned  are  as 
speedily  as  possible  un- 
loosed. Each  dye-vat 
usually  contains  several 
pieces  of  cloth. 

Figures  75  and  76 
represent  the  dye-vat 
usually  employed  for 
dyeing  unions  (cotton 
and  wool).  The  A^at  is 
made  of  iron,  and 
divided  across  into 
several  compartments 
by  means  of  perforated 
plates.  This  arrange- 
ment prevents  inter- 
mingling and  entangle- 
ment of  the  several 
pieces,  of  which  there 
may  be  from  forty  to 

eighty,  each  about  forty-five  metres  long,  and  so  stitched 
as  to  form  six  or  eiQ:ht  endless  bands. 

The  winch  of  each  dye-vat  is  driven  by  means  of  a 
small  engine  attached  to  the  machine. 

Washing  Maclihiery. — The   machine    generally   used 
for  washing  woollen  cloth  is  the  "  dolly  "  {see  p.  lOG). 

In  some  cases   the   wash-stocks    (Fig.    52)    may    be 


Fig.  78.— Side  View  of  Fig.  77. 
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used  with  advantage,  e.g.,  when 
the  material  is  very  thick  and 
heavy. 

Washing  in  the  open  wddth 
may  be  done  by  the  open- scour- 
ing machine  (Fig,  37,  p.  109). 

Figs.  77  and  78  represent  a 
woollen  cloth-squeezing  machine 
in  which  the  water  is  expressed 
by  a  brass  roller  b,  in  the  groove 
of  which  a  disc  roller  a  is 
pressed  by  a  strong  spring  c. 

Drying  Ma  ch  inery. — Dry  in  g 
is  effected  by  means  of  the 
drying  machine  shown  in  Fig. 
79. 

This  machine  consists  of  a 
number  of  hollow  copper  or 
galvanised  iron  cylinders  A  b, 
heated  by  steam  and  driven  by 
bevelled  gearing  and  an  engine 
at  D.  The  axes  of  the  cylinders 
are  hollow,  the  steam  enter- 
ing at  one  end,  the  condensed 
w^ater  escaping  by  the  other. 
A  folding  ari-angement  c  is 
attached  at  the  end  of  the  ma- 
chine. 

Another  mode  of  drying  is 
by  means  of  the  "tentering" 
machine,  of  which  there  are 
several  varieties. 

Fig.  80  shows  one  of  the 
most  generally  used  arrange- 
ments, by  W.  Kemp  &  Co.,  Leeds. 
It  consists  of  a  series  of  hori- 
zontal steam-pipes  c  c,  supported 
by  iron  framing,  between  which 
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the  cloth  is  led 
in  a  zmz2i<i  course 
and  stretclied  con- 
dition. The  cloth 
is  introduced  at  A, 
and  guided  by 
means  of  two  end- 
less chains  bb,  fur- 
nished throuohout 
their  length  with 
pins,  on  which  the 
selvedges  of  the 
cloth  are  pushed 
down  bv  revolviner 
bruslies  as  it  en- 
ters the  machine. 
As  the  dried  cloth 
leaves  the  machine 
it  is  folded  down 
mechanically  at  e. 
228.  Irregular 
Dyeing. — A  very 
marked  feature  in 
the  dyeing  of 
woollen  materials, 
and  one  to  be  well 
borne  in  mind,  is, 
that  after  they  are 
removed  from  the 
dye-bath,  and  so 
long  as  they  con- 
tain the  hot  liquor 
of  the  bath,  the 
dyeing  process  still 
continues.  The 
wool,  or  the  mor- 
dant in  union  with 
it,  con  tinues  slowly 
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to  attract  such  colourinor  matter  as  remains  dissolved  in 
the  absorbed  dye  liquor,  and  the  material  becomes  some- 
what darker  in  colour.  It  seems  as  though  the  wool  had 
an  insatiable  appetite  for  the  colouring  matter,  and  the 
material  is  said  to  "  feed." 

If  due  care  is  not  taken,  this  tendency  may  lead  to 
an  uneven  shade  in  the  ultimate  colour  of  the  material, 
however  well  the  operation  of  dyeing  proper  may  have 
been  done.  If,  for  example,  the  woollen  cloth,  yam, 
or  fibre  is  removed  from  the  dye-bath  and  at  once 
thrown  on  the  floor  to  form  there  an  irregular  heap,  this 
residual  dyeing  or  "feeding"  goes  on  in  an  irregular 
maimer.  The  same  takes  place  in  recently  dyed  yarns  or 
pieces  which  are  hung  on  poles  or  over  rails  ;  the  hot  dye- 
liquor  drains  to  the  lowest  portion,  and  there  causes  a 
darker  shade  of  colour  to  result. 

The  best  mode  of  obviating  this  possible  defect,  is  to 
remove  the  source  of  heat,  and  allow  the  material  to  cool 
slowly  in  the  dye-bath,  at  the  same  time  continuing  the 
regular  movement  of  the  material.  In  this  manner  the 
"  feeding"  is  made  to  proceed  in  a  regular  manner.  lu 
practice  this  takes  too  long,  and  hence  it  is  customary  to 
cool  the  dye  liquor  more  rapidly  by  running  into  it  the 
necessary  amount  of  cold  water,  in  which  case  the 
deepening  of  colour  is  also  somewhat  diminished. 

Another  method  of  preventing  irregular  dyeing  arising 
from  this  cause,  is  to  wash  the  materials  immediately 
after  they  have  been  withdrawn  from  the  dye-bath. 
This  of  course  prevents  all  danger  of  "feeding,"  and 
possible  irregularity  in  colour,  but  the  shades  obtained 
when  this  method  is  adopted  are  not  usually  so  full  and 
rich  as  in  the  first  method.  They  look  paler,  and  the  nap 
or  loose  fibres  may,  in  some  cases, .  be  almost  entirely 
devoid  of  colour,  giving  the  material  a  very  unsatisfactory 
grey  appearance,  as  if  it  were  insufliciently  dyed. 

229.  Dyeing  in  the  Wool,  Yarn,  and  Piece. — 
The  quality  of  the  wool  has  considerable  influence 
upon  the  depth  and  beauty  of  colour  ultimately  obtained. 
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Coarse, hard  wool,  and  such  as  possesses  more  the  character 
of  hair — e.g.,  worsted,  alpaca,  mohair,  &c. — dyes  less 
readily  than  fine  wool  having  the  merino  character.  The 
finer  the  wool  the  greater  will  be  the  quantity  of  colouring 
matter  which  it  will  take  up,  and  the  richer  and  more 
brilliant  will  be  the  colour  one  is  able  to  impart  to  it.  No 
doubt  this  is  owing  to  its  greater  porosity,  its  softer 
and  more  absorbent  character,  and  the  less  horny  character 
of  its  scales. 

If  in  any  dyed  woollen  fabric  the  colour  has  been 
imparted  to  it  while  it  was  yet  in  the  state  of  unspun 
wool,  it  is  said  to  be  icool-dyed,  or  to  have  been  dyed  in 
the  wool.  When  the  dyeing  took  place  while  it  was  in  the 
state  of  thread  or  yarn,  it  is  said  to  be  yarn-dyed,  and 
when  it  Avas  not  dyed  until  it  had  become  woven  cloth,  it 
is  said  to  be  piece-dyed. 

Wool-dyed  cloth  is  generally  the  most  esteemed, 
because  the  dye  chosen  must  be  fast,  since  it  has  to 
withstand  all  the  subsequent  manufacturing  operations. 
Then,  again,  each  individual  fibre  being,  as  it  were, 
separately  dyed,  the  material  is  uniformly  dyed  through- 
out, however  thick  it  may  be ;  and  if  the  colouring 
matter  is  of  a  permanent  character,  the  cloth  will  preserve 
its  colour  in  spite  of  wear  and  tear. 

Wool-dyeing  is  preferred  for  dark-coloured  goods,  and 
such  as  have  to  bear  much  friction.  It  is  rarely  used  for 
light  colours,  since  these  would  be  soiled  during  the  sub- 
sequent manufacturing  oi)erations. 

When  the  fabric  is  not  of  one  uniform  colour,  but  is 
composed  of  threads  of  different  colours — e.g.,  in  Tweeds, 
Kidderminster  carpets,  shawls,  &c. — either  wool-dyeing  or 
yarn-dyeing,  of  course,  becomes  a  necessity.  In  such 
cases,  where  the  great  desideratum  is  to  have  large  quan- 
tities of  yarn  of  a  very  uniform  shade,  wool-dyeing  or 
slubbing-dyeing  is  preferred  to  yarn-dyeing,  for  even  if 
the  loose-wool  or  slubbing  be  somewhat  unevenly  dyed, 
the  subsequent  operations  of  scribbling,  carding,  kc.^ 
equalise  most  thoroughly  any  irregularity  of  colour. 
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Wool-dyeing  must  also  be  adopted  in  the  manufacture 
of  "  mixed  yams,"  such  yams,  namely,  as  are  spun  with 
a  mixture  of  variously-coloured  wools. 

Wool-dyeing  is  generally  adopted  by  those  yam  or 
clotb  manufacturers  who  wish  to  do  their  own  dyeing. 

Piece-dyeing  is  preferred  for  light  colours  and  such  as 
are  of  a  fugitive  character,  though  it  by  no  means  follows 
that  all  piece-dyed  goods  are  dyed  with  loose  or  fugitive 
colouring  matters.  Such  a  fast  and  permanent  colour  as 
vat^indigo-blue  is  as  frequently  appKed  by  piece-dyeing  as 
by  wool-dyeiDg. 

Piece-dyed  goods,  especially  such  as  are  made  of  hard- 
s])uii  yams,  or  are  closely  woven,  thick,  or  well-milled, 
are  sometimes  apt  to  become  grey  with  wear  and  tear, 
even  if  the  colouring  matter  applied  has  all  the  requisite 
permanency  desirable.  This  arises  from  the  fact  that  the 
central  part  of  the  fabric  has  remained  more  or  less  un- 
dyed,  and  through  wear  becomes  partially  exposed. 
Piece-dyeing  may  often  be  detected  by  tearing  the  fabric 
and  ascertaining  whether  the  centre  is  fully  dyed  or  not. 
In  some  cases,  particularly  with  light,  bright  colours — e.g.y 
scarlets  on  hunting-cloths — an  increased  brilliancy  of  the 
colour  is  produced  by  piece- dyeing,  since  the  central  white 
shines  through  the  surface  colour.  In  such  cases  there 
is  considerable  economy  in  colouring  matter  by  piece- 
dyeing. 

The  same  remarks  apply  in  a  lesser  degree  to  yam- 
dyed  goods. 

Yam-dyeing  and  piece-dyeing  form,  generally,  distinct 
branches  of  trade. 

For  the  production  of  a  given  shade,  the  largest 
amount  of  colouring  matter  is  required  in  wool-dyeing  ; 
somewhat  smaller  amounts  may  be  taken  in  yam-dyeing, 
and  in  piece-dyeing,  less  stilL 

Piece-dyed  goods,  if  composed  of  one  kind  of  fibre 
only,  are  necessarily  of  one  uniform  colour.  When,  how- 
ever, the  fabric  consists  of  two  fibres — e.g.,  of  cotton  warp 
and  woollen  weft — although  the  goods  may  be  piece-dyed, 
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they  may  have  every  appearance  of  having  been  yarn- 
dyed,  since  each  fibre  having  a  different  power  of  attract- 
ing the  colouring  matter,  has  acquired  a  different  tint. 
In  some  cases  one  fibre  may  remain  altogether  undyed, 
this  is  so,  for  example,  with  the  cotton  when  such  a  mixed 
fabric  has  been  dyed  in  an  acid  bath  with  Cochineal, 
Indigo  Carmine,  &c.  In  other  cases  the  diflference  in 
colour  between  the  two  fibres  is  still  further  increased  by 
submitting  the  fabric  to  two  distinct  processes  of  dyeing, 
the  one  being  intended  for  the  wool,  the  other  for  the 
cotton  ;  the  fabric  may,  indeed,  be  doubly  piece-dyed,  and 
yet  contain  two  such  distinct  colours  as,  say,  black  and 
red.  This  method  of  dyeing  is,  however,  frequently  em- 
ployed wdien  mixed  fabrics  of  cotton  and  wool  are  dyed 
one  uniform  shade  if  it  is  not  possible  by  a  single 
dyeing  operation  to  give  exactly  the  same  tint  to  the  two 
fibres. 

230.  Matching-Off. — The  immediate  object  which  the 
dyer  has  in  view,  is  to  dye  a  quantity  of  textile  material  so 
that  the  whole  of  it  shall  have  a  definite  shade  of  a  given 
colour,  similar,  it  may  be,  to  that  of  a  pattern  supplied 
by  the  merchant,  or  otherwise  presented  to  him.  His 
skill  consists  in  knowing  exactly  which  mordants  and 
dye-stufis  to  employ,  also  their  relative  and  absolute 
proportions,  and  to  determine  the  temperature  and  dura- 
tion of  the  mordanting  and  dyeing  processes,  in  order  to 
ensure  the  result  aimed  at.  Even  though  the  pattern- 
colour  may  have  been  originated  by  the  dyer  himself  at 
some  previous  period,  he  dare  not  implicitly  rely  on 
obtaining  exactly  the  same  result  by  simply  repeating  his 
former  trial  in  every  detail.  The  reason  of  this  lies  in 
the  fact  that  the  quality  of  the  dye-wares  and  of  the  fabric 
may  have  varied  meanwhile.  It  is  also  a  fact  well  known 
to  practical  dyers,  that  different  qualities  of  wool — e.g., 
merino  and  English  wools — have  different  powers  of 
attraction  for  colourins:  matter,  so  that,  when  dved  under 
exactly  the  same  conditions,  marked  differences  in  colour 
result.     Even  in  wools  which  are  more  closely  related  to 
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each  other  than  the  two  just  mentioned,  similar  differences 
are  observed  (see  p.  289). 

With  regard  to  the  irregularity  occurring  in  dye-wares, 
it  is  very  marked  in  the  natural  colouring  matters  or 
dyewoods.  Their  colouring  power  may,  indeed,  vary  each 
year,  unless  they  are  mixed  and  made  equal  to  a  standard 
sample  by  the  merchant  or  dyewood  cutter.  For  such 
reasons,  therefore,  and  perhaps  because  of  others  of  a 
more  subtle  nature,  it  is  necessary,  in  order  to  judge  of 
the  progress  of  the  dyeing,  that  the  dyer  should  occasion- 
ally compare,  with  the  sample  pattern,  small  portions  of 
the  wool,  yarn,  or  cloth,  taken  from  the  bulk  in  the 
dye-bath.  In  the  case  of  cloth,  these  small  portions  are 
either  cut  from  the  ends  of  the  pieces  themselves,  or  from 
some  small  odd  bits  of  the  same  kind  of  material  which 
have  been  specially  attached  for  the  purpose. 

Before  making  the  comparison,  the  "  swatch,  "  "fent," 
or  *' trial-bit"  taken  from  the  dye-bath  must  be  dried,  by 
which  it  assumes  a  much  lighter  or  paler  appearance ; 
it  is  then  placed  by  the  side  of  the  sample  pattern,  and 
the  two  are  examined  and  compared  by  reflected  light, 
being  held  at  some  little  distance  from  the  eye,  and  with 
the  back  of  the  observer  to  the  light. 

They  are  then  compared  "  overhand."  To  this  end  tlie 
two  samples  are  placed  between  the  light  and  the  ob- 
server, who  then  glances  along  the  surface,  in  order  to 
catch  the  light  transmitted  through  the  projecting  fibres. 
A  judgment  must  be  formed  immediately,  otherwise  the 
eye  soon  becomes  fatigued,  and  incapable  of  discerning 
nice  differences  of  shade. 

Sometimes  the  eye  becomes  tired  through  comparing 
or  "matching  ofi'"  a  large  number  of  different  swatches 
of  the  same  bright  colour,  in  which  case  relief  and  in- 
creased power  of  discernment  are  most  rapidly  gained 
by  occasionally  gazing  steadily  for  a  few  seconds  at  a 
])iece  of  cardboard  or  other  material  possessing  the 
complementary  colour  of  the  samples  under  com- 
parison.    In  comparing  reds,  for   example,  the   eye    is 
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relieved  by  looking  at  green,  if  blues  by  looking  at 
orange,  and  vice  versd. 

Having  made  the  comparison  of  trial-bit  with  sample- 
pattern,  the  dyer  judges  whether  the  desired  colour  has 
been  arrived  at  or  not.  In  the  latter  case,  if  the  tone  of 
the  colour  is  right,  but  it  lacks  intensity,  the  dyeing  is 
either  simply  prolonged,  or  a  further  addition  is  made,  of 
each  colouring  matter  in  the  relative  proportions  already 
emj)loyed. 

If  the  colour  lacks  the  proper  tone  the  dyer  then  adds 
one  or  other  of  the  dye-stuSs  already  employed,  in  such 
amount  as  he  considers  necessary  to  correct  the  error. 

Sometimes  a  difficulty  is  found  in  obtaining  the  exact 
tint  or  brilliancy  required  by  simply  using  the  dyewares 
decided  upon  in  the  first  instance,  and  it  may  be  ne- 
cessary to  make  some  slight  addition  of  other  colouring 
matters,  which  it  was  not  originally  intended  to  use. 
This  is  frequently  a  sign  of  want  of  experience,  but  it 
may  also  arise  from  some  unexpected  change  in  the 
quality  of  the  dyewares  or  the  textile  material,  or  from 
some  other  cause. 

In  dyeing  to  shade,  the  young  dyer  is  recommended 
to  err  on  the  side  of  employing  a  deficiency  of  colouring 
matter  rather  than  the  reverse,  since  he  can  readily 
make  further  additions,  but  cannot  very  well  correct  the 
defect  arising  from  the  use  of  an  excess  of  dye  ware. 

It  is  well  to  bear  in  mind,  too,  particularly  with  the 
polygenetic  colouring  matters,  that  the  afiinity  which 
any  given  mordant  has  for  colouring  matter  varies  with 
the  different  colouring  matters.  When,  for  example,  a 
dyeing  operation  is  nearly  completed,  but  it  has  been 
found  necessary  to  add  a  further  quantity  of  some  one 
particular  dyewood,  the  change  in  shade  thus  produced  is 
not  always  simply  due  to  the  addition  of  the  colour 
proper  to  the  dyewood,  but  also  to  a  partial  displacement 
of  some  one  or  other  colour  already  on  the  wool. 

The  yellow  colour  of  aluminium-mordanted  calico, 
dyed  with  Quercitron  Bark,  is  displaced  by  dyeing  with 
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Logwood,  and  the  purple  colour  thus  produced  is  again 
displaced,  and  changed  to  red  by  dyeing  with  Madder. 

In  matching-off,  care  should  be  taken  to  have,  if 
possible,  a  north  light,  not  only  because  it  is  steadier, 
but  because  there  is  an  absence  of  that  excess  of  yellow 
light  always  present  in  the  more  direct  rays  of  the  sun ; 
these  greatly  modify  the  aspect  of  colours,  and  render 
comparison  more  difficult.  For  the  same  reason  it  is 
impossible  to  judge  accurately  of  the  true  shade  of  a 
colour  by  gas-light.  This  defect  is  partly  overcome  by 
usLQg  spectacles  of  plain  glass  tinted  slightly  blue. 

Many  practical  dyers  have  long  been  in  the  habit  of 
matching-otf  at  night  by  means  of  the  magnesium  light, 
and  in  recent  years  the  electric  arc  light  has  been  used 
for  the  same  purpose. 

Although  colours  more  nearly  assume  their  normal 
tint  under  these  lights,  they  are  by  no  means  identical  in 
character  with  those  exhibited  under  ordinary  sunlight. 
There  is,  indeed,  in  both  these  artificial  lights  an  excess 
of  blue  or  pui-ple  rays,  and  for  accurate  colour-matching 
the  light  should  be  screened  with  globes  of  tinted 
glass.  The  correct  tint  to  employ  may  be  determined 
by  a  spectroscopic  examination  of  the  light. 

NOTES    ON    SILK-DYEING, 

231.  With  few  exceptions,  the  general  method  of  dye- 
ing silk  is  similar  to  that  employed  for  wool.  By  far  the 
largest  amount  of  silk  is  dyed  with  coal-tar  colouring 
matters,  which  do  not  require  the  aid  of  a  mordant  ;  at 
most,  some  assistant — e.g.,  acid,  soap,  »tc. — is  needed,  and 
the  dyeing  usually  takes  place  in  a  single  bath.  Some- 
times, however — specially  in  the  case  of  black  dyeing — 
two  or  more  baths  are  employed,  and,  indeed,  the  whole 
process  becomes  more  complicated  thaji  most  methods  of 
dyeing  employed  for  any  fibre. 

The  silk-dver  uses  comparatively  little  machinery, 
and  being  most  of  it  intimately  connect^  with  special 
operations,  allusion  is  made  to  it  when  referring  to  these. 
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CHAPTER   XTII 

BLUE    COLOURING    MATTEES. 
INDIGO. 

232.  Theory  of  Indigo  Dyeing.  —  This  valuable 
colouring  matter  is  obtained  from  the  leaves  of  various 
species  of  Indigofera  (/.  tinctoria,  I.  disperma,  fi&c.), 
which  are  cultivated  largely  in  India.  The  method  par 
excellence  employed  in  dyeing  with  Indigo  is  founded  on 
the  property  it  possesses  of  being  converted  under  the 
influence  of  reducing  agents  {i.e.,  bodies  capable  of  yield- 
ing nascent  hydrogen)  into  indigo- white  which  is  soluble 
in  alkaline  solutions.  When  textile  materials  are  steeped 
for  a  short  time  in  such  solutions,  and  then  exposed  to 
the  air,  they  become  dyed  blue  in  consequence  of  the 
re-oxidation  of  the  indigo-white  absorbed  by  the  fibres, 
and  the  precipitation  of  insoluble  indigotin  thereupon, 
and,  indeed,  in  such  a  manner  as  to  be  indelibly  fixed. 
This  "indigo- vat"  method  is  applicable  to  all  textile 
fibres,  and  gives  permanent  colours. 

Another  method  of  dyeing  with  Indigo,  but  one  which 
yields  fugitive  colours,  and  is  applicable  only  to  the  animal 
fibres,  depends  on  the  fact  that  Indigo  treated  with  strong 
sulphuric  acid  becomes  changed  into  soluble  indigotin- 
di-sulphonic  acid  (Indigo  Extract).  Animal  fibres  attract 
and  are  dyed  with  this  compound  when  they  are  simply 
steeped  in  its  hot  and  slightly  acidified  solutions. 

Yat-blue  is  largely  employed,  particularly  in  woollen 
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dyeing,  as  tlie  blue  part  of  compound  shades,  e.^.,  brovms, 
drabs,  »fcc.  The  same  may  be  said  of  Indigo  Extract 
or  Indigo  Carmine  blue,  with  regard  to  wool  and  silk 
dyeing.  Indeed,  this  colouring  matter  ];>ossesses  ceiiain 
advantages  over  the  majority  of  blue  colouring  matters. 
It  can  be  associated  with  other  acid  colouiing  matters, 
and  it  dyes  very  level  shades.  Its  only  drawback  is  its 
extremelv  fugitive  character. 

233.    Indigo    Grinding    Mills. — One   of    the    first 
necessities  in  employing  Indigo  in  dyeing  is  to  have  it 
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Fig.  81. — Indigo  Grinding  "M"ill- 


thoroughly  well  ground.  'When  required  for  making  In- 
digo Cannine  it  must  be  ground  in  the  dry  state,  but  for 
the  indigo-vat  it  may  be  mixed  with  water,  by  which 
means  the  grinding  is  considerably  facilitated. 

The  oldest  form  of  grinding  machine  is  the  stamping 
mill,  provided  with  an  aiTangement  for  jmssiug  the 
ground  Indigo  through  fine  sieves.  At  present  the  mills 
generally  employed  consist  of  east-ii*on  vessels,  in  which 
the  Indigo  is  ground  either  bv  the  rolliDg  of  hea^^'v  cannon 
balls,  or  of  iron  cylinders.  The  ball  mills  are  said  to 
give  the  finest  powder  ;  the  cylinder  mills  the  greatest 
yield  within  a  given  period.     Fig,  81  represents  a  section 
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of  one  of  the  best  forms  of  ball  mills.  It  consists  of  a 
strong  iron  box  enclosing  several  heavy  cannon  balls, 
which  are  pushed  round  by  means  of  a  pair  of  revolving 
arms.  Sometimes  the  bottom  of  the  box  is  flat,  and 
heavy  blocks  of  sand-stone  are  substituted  for  balls. 

234.  Application  to  Cotton. — The  fermentatiim  vats 
so  much  used  in  dyeing  wool  with  Indigo,  are  never  em- 
ployed for  cotton,  since  it  is  essential  that  it  should  be 
dyed  in  the  cold  to  obtain  the  best  colour ;  and,  further, 
it  permits  the  use  of  vats,  in  which  the  reduction  of  the 
indigo  is  effected  in  a  manner  more  under  control.  Ac- 
cording  to  the  reducing  agents  employed,  the  indigo-vats 
used  for  cotton  may  be  named  as  follows  :  the  ferrous 
sulphate  vat,  the  zinc  powder  vat,  the  hi/drosulphite  vat. 

235.  Ferrous  Sulphate  Vat. — This  vat,  usually 
known  by  the  name  of  the  lime  and  copperas  vat,  is 
the  oldest,  and  perhaps  the  one  still  most  commonly 
employed.  The  vats  or  dye-vessels  are  rectangular  tanks 
of  wood,  stone,  or  cast-iron.  The  size  varies  according 
to  the  material  to  be  dyed  ;  for  calico  they  are  generally 
two  metres  (6|-  ft.)  deep,  two  metres  long,  and  about  one 
metre  broad,  while  for  yarn-dyeing  they  are  somewhat 
smaller. 

In  order  to  economise  the  Indigo  as  much  as  possible, 
the  vats  are  generally  worked  in  sets  of  ten. 

The  materials  used  in  preparing  this  vat  are  : — 

Cloth.  Tarn. 

AVater      ....     4,000  litres  or  750  litres. 
Indigo      ....  40  kilos.    „       4  kilos. 

Ferrous  sulphate       ,         .  60—80     „        „  6-8     ,, 
Slaked  lime  (dry)      .         .  50-100    „        „  5-10  „ 

The  chemical  changes  which  take  place  during  the 
''  setting "  or  preparation  of  the  vat  may  be  briefly 
summed  up  as  follows.  The  lime  decomposes  the  ferrous 
sulphate,  and  produces  ferrous  hydrate,  which  in  the 
presence  of  the  indigo  rapidly  decomposes  the  water,  and 
becomes  changed  into  ferric  hydrate,  while  the  liberated 
hydrogen  at  once  combines  with  the  indigotin  to  form 
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indigo-white.  This  last  substance  combines  with  the 
excess  of  lime  present,  and  at  once  enters  into  solution. 
These  reactions  may  be  expressed  by  the  following 
chemical  formulae  : — 

YeSOi      +      Ca(0H)2      =      CaS04      +      FeCOH^^. 
Ferrous  stilpliate.  Lime.  Calcima  sulphate.    Ferrous  hydrate. 

2[Fe(OH)o]      +  2H2O  =  Fe2'OH)5  -f  R,. 
Ferrous  hydrate.  Ferric  hydrate. 

Indigotin.  ludigo-white. 

The  order  in  which  the  ingredients  are  added  is  of 
comparatively  little  moment,  and  varies  with  different 
dyers.  The  most  rational  method,  however,  is  to  fill  the 
vat  ^sith  water  and  add  first  the  ground  Indigo  and  milk  of 
lime ;  after  raking  up  well,  a  solution  of  feiTOus  sulphate 
IS  added,  and  the  whole  mixture  is  systematically  raked 
up  at  frequent  intervals  during  twenty-four  hours,  until 
the  Indigo  is  thoroughly  reduced.  With  this  plan,  the 
actual  reducing  agent,  ferrous  hydrate,  is  always  in  the 
presence  of  an  excess  of  Indigo,  and  the  indigo-white  the 
moment  it  is  produced  is  dissolved  in  the  excess  of 
lime.  Owing  to  the  mixttire  becoming  rapidly  thick  and 
difficult  to  stir  well,  the  more  usual  plan  adopted  is  to 
put  in  the  Indigo  and  feiTous  sulphate  first,  and  to  add 
the  milk  of  lime  gradually.  Lime  is  used  in  preference 
to  caustic  soda  because  the  vat  thus  produced  dyes  the 
cotton  more  readilv  ;  and  owincr  to  the  film  of  calcium 
carbonate  which  forms  on  its  surface,  the  indigo-white  in 
the  liquor  beneath  is  less  liable  to  become  oxidised. 

The  feiTOus  sulphate  employed  should  be  as  pure  as 
possibla  Any  admixture  of  copper  sulphate  is  injurious 
because  of  its  oxidising  infiuence,  while  the  presence  of 
aluminium  sulphate  and  basic  ferric  sulphate,  since  these 
are  quite  inert  as  reducing  agents,  cau.ses  loss  of  so  much 
lime  as  is  required  for  their  decompo.sition,  besides  a 
useless  increase  of  sediment.  The  use  of  a  large  excess 
of   ferrous    sulphate    and   lime   should   also    be    avoided 
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for  this  last  reason.  Ferrous  sulphate,  containing  copper 
sulphate  and  ferric  sulphate,  is  readily  purified  by  boiling 
its  solution  with  iron  turnings,  whereby  the  copper  is  pre- 
cipitated, and  the  ferric  sulphate  is  partly  reduced  to 
ferrous  sulphate,  or  fully  decomposed  and  precipitated. 

A  freshly  made-up  vat  is  in  good  condition  when 
numerous  thick  dark-blue  veins  appear  on  raking  up  the 
liquor,  and  the  surface  becomes  rapidly  covered  with  a 
substantial  blue  scum  or  "  flurry."  The  liquid  should  be 
clear,  and  of  a  brownish-amber  colour ;  if  greenish,  it 
shows  the  presence  of  unreduced  Indigo,  and  requires  a 
further  addition  of  ferrous  sulphate.  If  the  colour  is  very 
dark,  more  lime  is  required. 

At  the  end  of  every  day's  work  the  vats  should  be 
well  raked  up,  and,  according  to  their  appearance,  "  fed  " 
or  replenished  with  small  additions  of  lime  and  ferrous 
sulphate.  The  rake  used  for  this  purpose  consists  of  a 
rectangular  iron  plate,  with  long  wooden  handle  attached. 

Before  dyeing,  the  flurry  should  be  carefully  removed 
with  an  iron  scoop  or  "skimmer,"  otherwise  it  attaches 
itself  to  the  cotton,  and  causes  it  to  look  uneven  or 
spotted. 

Cotton  yarn  should  be  previously  well  boiled  with 
water,  in  order  to  make  it  dye  evenly.  When  dyeing 
light  shades  of  blue,  only  a  few  hanks  are  dyed  at  once, 
the  dipping,  turning,  and  squeezing  being  performed 
with  the  utmost  regularity.  According  to  the  depth  of 
blue  required,  the  duration  of  each  immersion  may  vary 
from  one  to  five  minutes  or  more,  and  after  wringing, 
the  hanks  are  thrown  aside,  and  allowed  to  oxidise 
completely. 

The  amount  of  indigotin  which  is  precipitated  on 
the  cotton  is  said  to  vary  with  the  duration  of  the  im- 
mersion ;  if  this  be  true  it  would  appear  that  the  cotton 
really  attracts  indigo-white  from  the  vat  solution,  and  is 
not  dyed  merely  by  reason  of  the  indigotin  precipitated 
from  the  portion  of  liquid  absorbed  by  the  fibre.  The  most 
economical   method   is    to    dye   the  cotton  first  in  the 
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weaker  vats,  and  then  to  pass  it  through  each  succeeding 
stronger  vat  until  the  desired  shade  is  obtained.  For  a 
dark  shade,  the  cotton  should  not  be  put  at  once  into  a 
strong  vat,  because  it  would  be  difficult  in  this  way  to 
obtain  even  colours;  and  in  the  long  run,  the  method 
would  not  be  so  economical.  For  light  shades  of  blue,  only 
a  few  of  the  weaker  vats  are  needed. 

By  this  plan  of  always  using  the  weakest  vat  first,  so 
long  as  it  yields  any  colour,  each  vat  in  turn  becomes 
thoroughly  exhausted. 

After  dyeing,  the  carbonate  of  lime  which  is  deposited 
on  the  fibre  is  removed  by  rinsing  in  sulphuric  acid, 
2° — 4°  Tw.  (Sp.  Gr.  1 -01—1 -02).  This  operation  removes 
the  grey  tint,  and  brightens  the  colour  considerably.  The 
cotton  is  finally  dyed  in  a  moderately  strong  vat^  wrung 
out  and  dried  at  60°  C.  This  imparts  to  it  the  coppery 
lustre  so  much  admired.  It  is,  however,  entirely  super- 
ficial, and  may  be  removed  by  simply  washing  in  water. 

As  a  rule,  however,  washing  is  avoided,  since  the 
indigo  is  apt  to  rub  ofi",  and  the  colour  may  look  bare  and 
wanting  in  body  and  intensity.  Yat  blues  are  improved 
in  colour  by  passing  the  goods  through  lime-water  or  a 
hot  soap  bath,  probably  because  of  the  removal  thereby 
of  some  yellow  colouring  matters. 

When  dyeing  cotton  cloth  or  calicoes,  the  dry  pieces 
are  fastened  by  the  selvedges  on  a  rectangular  wooden 
frame,  having  small  brass  hooks  at  the  top  and  bottom  ; 
they  are  stretched  moderately  tight,  and  each  fold  is  per- 
fectly free.  When  filled  the  frame  is  alternately  dipped 
beneath  the  surface  of  the  vat  liquor  for  fifteen  to  twenty 
minutes,  and  then  raised  above  the  vat  by  means  of  ropes 
and  pulleys,  in  order  to  expose  the  calico  to  the  air,  so  that 
indigotin  may  be  regenerated  and  precipitated  on  the 
fibre.  During  the  immersion  it  is  customary  to  stir  the 
liquor  gently  by  means  of  a  "muddler,"  i.e.,  a  short- 
handled  rake  having  a  wooden  head. 

Another  method  of  dyeing  calico,  sometimes  called 
"  skying,"  because  used  for  light  blues,  is  shown  in  Fig.  82. 
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The  pieces  are  passed  through  a  series  of  rollers,  arranged 
on  a  wooden  frame  immersed  in  the  vat  A.  At  the  point 
of  exit  they  pass  through  a  pair  of  squeezing  rollers,  and 
are  then  led  over  a  similar  system  of  rollers  b,  outside 
the  vat,  for  the  purpose  of  oxidation.     The  whole  process 
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Fig.  82. — Continuous  Indigo  Dyeing  Machine. 

may  be  repeated  two  or  three  times,  according  to  the  in- 
tensity of  colour  required. 

After  leaving  the  vat,  the  pieces  are  first  rinsed  in  cold 
water,  to  remove  the  loose  lime  and  Indigo  adhering  super- 
ficially, and  then  in  dilute  sulphuric  acid,  4° — 8°  Tw, 
(Sp.  Gr.  1*02 — 1"04:),  to  dissolve  off  the  calcium  carbonate; 
they  are  finally  washed  and  dried. 

All  the  indigo  washed-off  in  the  rinsing  pits,  as  well 
as  the  sediment  of  the  vats  themselves,  must  be  collected 
in  special  tanks,  in  order  to  recover  the  indigo. 

According  to  F.  C.  Calvert,  the  vat  sediments  consist 
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largely  of  an  insoluble  compound  of  indigotin  and  ferrous 
oxide,  forming  a  bulky  flocculent  green  precipitate. 
From  this  the  indigotin  can  be  recovered  by  decomposing 
it  in  the  cold  with  strong  hydrochloric  acid. 

Another  method  is  to  mix  the  vat  sediments  vrith. 
water,  and  boil  -with  some  cheap,  energetic  reducing 
agent,  e.^.,  with  caustic  soda  and  orpiment.  After 
settling,  the  clear  liquid  is  drawn  oflf,  and  oxidised  by 
pumping  it  into  a  trough  which  stands  at  a  high  level, 
and  allowing  it  to  flow  into  a  large  tank  ;  here  the  pre- 
cipitated indigotin  is  washed  and  collected. 

By  adopting  such  methods  of  recovery,  the  total  loss 
of  Indigo  may  be  ^'educed  to  2 — 3  per  cent,  of  the  original 
weight  employed 

It  is  sometimes  the  custom  to  dye  the  cotton  or 
"  bottom  "  it  with  catechu  bro^^^l,  manganese  bronze 
or  brown,  or  a  blue  shade  of  aniline  black,  previous  to 
introducing  it  into  the  indigo  vat.  By  this  means,  very 
deep  blue  shades  can  be  obtiiined  with  less  indigo  than 
would  otherwise  be  required. 

It  is  well  to  remember  that  when  aniline  black  is  used 
the  colour  may  be  liable  to  become  green  on  exposure. 

In  order  to  add  a  fictitious  purple  bloom  or  rich  effect 
to  the  colour,  vat  blues  are  sometimes  dyed  afterwards  or 
"  topped "  in  a  dilute  solution  of  Methyl  Violet  or 
Methylene  Blue,  and  dried  without  washing;  less  fre- 
quently, they  are  dyed  a  logwood  blue. 

236.  Zinc  Powder  Vat. — This  vat  is  frequently  used 
on  the  Continent,  and  also  in  Great  Britain.  It  is 
founded  on  the  fact  that  zinc  in  the  presence  of  lime 
and  Indigo  readily  decomposes  water,  and  combines  with 
its  oxygen,  whilst  the  liberated  hydrogen  reduces  the 
indigotin  to  indigo-white,  which  is  at  once  dissolved  by 
the  excess  of  lime  present 

Zn  4-  HoO  =  ZnO  -f-  H.. 

The  relative  proportions  used  of  the  several  ingredients 
vary  according  to  their  quality,  especially  as  regards  the 
Indigo  employed. 
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The  following  may  be  considered  as  average  amounts : 

Water 4,000  Htres 

Indigo 40  kilos. 

Zinc  powder 20 

Slaked  lime 20 

The  whole  is  well  stirred  occasionally  during  eighteen 
to  twenty-four  hours,  when  it  is  ready  for  use.  Lime 
and  zinc  powder  are  added  as  occasion  requires.  It  is 
an  extremely  simple  vat,  easy  to  work,  and  possesses  even 
certain  advantages  over  the  "  lime  and  copperas  "  vat. 
In  the  first  place,  the  sediment  is  reduced  to  about  one- 
seventh  of  that  in  the  vat  referred  to.  Then  the  absence 
of  ferrous  sulphate  removes  the  possibility  of  the  forma- 
tion of  the  insoluble  compound  of  indigotin  with  ferrous 
oxide  referred  to  on  the  previous  page. 

Hence  this  vat  can  be  used  for  a  much  longer  time 
without  emptying,  than  the  "lime  and  copperas"  vat, 
and  there  is  little  or  no  loss  of  Indigo. 

Its  chief  defect  is  that  it  is  liable  to  be  muddy  and 
frothy,  from  a  continuous  slight  disengagement  of  hydro- 
gen gas.  No  hydrogen  is  given  off,  however,  until  the 
whole  of  the  indigo  is  reduced,  so  that  much  froth  denotes 
the  presence  of  excess  of  zinc.  If  there  be  only 
little  froth,  it  is  removed  by  vigorously  stirring  up  the 
vat  several  times,  and  then  allowing  it  to  settle,  but 
with  a  large  excess,  a  further  addition  of  Indigo  should 
be  made  before  stirring.  After  settling  for  an  hour,  the 
vat  should  be  sufficiently  clear  for  dyeing. 

If  the  vat  is  muddy,  the  same  remedy  must  be  applied, 
since  the  cause  is  the  same.  It  is  of  no  use  to  let  it 
stand  for  a  long  time  in  the  hope  that  it  will  settle; 
the  hydrogen  simply  accumulates,  and  the  liquid  becomes 
more  muddy  still.  The  liquid  must  be  vigorously  stirred 
up,  in  order  to  liberate  the  hydrogen  from  the  sediment. 
The  dyeing  should  be  completed  before  the  liquid  has 
had  time  to  become  muddy  again.  Experience  alone  can 
teach  the  exact  amount  of  zinc  powder  which  should  be 
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used,  SO  that  the  vat  may  be  maintained  in  an  effective 
condition,  yet  free  from  the  defects  mentioned. 

Some-  dyers  find  it  an  advantage  to  add  about  12 — 20 
kilos,  of  iron  borings.  These  act  mechanically,  by  present- 
ing a  large  and  rough  surface,  from  which  the  hydrogen 
gas  is  more  easily  liberated,  and  thus  a  clear  vat  is  more 
readily  obtained. 

237.  Hydrosulphite  Vat. — This  vat  is  prepared  for 
cotton  exactly  in  the  same  way  as  for  wool  (see  p.  308). 
The  cotton,  however,  should  be  dyed  in  a  cold  solution. 

238.  Application  to  Wool. — In  order  to  utilise-  the 
Indigo  to  the  fullest  extent,  it  is  previously  ground  with 
the  addition  of  water,  and  added  to  the  dye-vessel  in  the 
form  of  a  fine  smooth  paste.  The  "  vat  "  or  dye-vessel 
in  which  the  reduction  of  the  indigo  and  the  dyeing 
takes  place,  is  a  large  tank,  generally  made  of  cast-iron 
(about  2  metres  wide  and  2  metres  deep).  For  dyeing 
unspun  wool  it  is  generally  round,  for  piece-dyeing,  square. 
The  whole  is  enclosed  in  brickwork,  so  arranged  that 
the  upper  portion  of  the  vat  is  surrounded  by  a  chamber 
or  canal,  into  which  steam  can  be  admitted.  By  this 
means  the  liquid  of  the  vat  is  heated  from  the  outside, 
and  a  regular  temperature  can  always  be  maintained, 
without  any  danger  of  disturbing  the  sediment. 

During  the  "setting"  of  the  vat  the  contents  are 
stirred  up,  either  by  hand,  by  means  of  a  rake,  or  by  a 
mechanical  arrangement  fixed  in  the  bottom  of  the  vat, 
and  driven  by  machinery.  Before  dyeing,  the  contents 
are  allowed  to  settle,  since  the  textile  material  must 
always  be  dyed  in  the  clear  liquid.  The  disturbing  of 
the  sediment  is  prevented  as  much  as  possible  by  sus- 
pending in  the  vat,  1  metre  below  the  surface,  a  so- 
called  "  trammel,"  i.e.,  an  iron  ring  or  frame,  across 
which  coarse  rope  network  is  stretched. 

The  accompanying  figure  (Fig.  83)  gives  the  section 
of  a  well-arranged  round  indigo-vat  for  wool  dyeing,  with 
mechanical  stirrer,  &c.  A  is  the  steam-chamber  surround- 
ing  the   vat,  B   the    steam-pipe    for   heating   it,   J    the 
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trammel -net,  I  the  emptying- pipe  ;  D  is  a  fixed  bar  sup- 
porting the  stirring-screw  c  and  the  cone  E.  The  parts 
drawn  in  dotted  lines  represent  the  movable  portions  of 
the  stirring  arrangement ;  G  is  a  strong  wooden  bar  which 
can  be  readily  fixed  across  the  top  of  the  vat ;  it  supports 
a  pair  of  cogwheels,  and  the  fast  and  loose  pulleys  H ;  p 
is  a  vertical    connecting  shaft,  which  by  reason  of  the 


Fig.  83.— Woad  Vat. 


guiding  cone  E  can  be  readily  connected  with  the  screw  c. 
A  cheaper  but  less  substantial  arrangement  is  that  in 
which  the  vat  is  made  of  wood,  and  heated  internally  by 
a  copper  steam-pipe  forming  a  spiral  half-way  up  the 
walls  of  the  vat.  When  not  in  use  for  dyeing,  and  to 
prevent  loss  of  heat  and  oxidation  of  the  reduced  indigo, 
the  vat  is  covered  with  a  wooden  lid,  which  is  divided  into 
two  or  three  pieces,  for  the  sake  of  convenient  handling. 
It  is  often  the  custom  to  throw  over  it  a  woollen  cloth 
cover  in  addition.  According  to  the  materials  used  in 
u 
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preparing  or  "  setting  "  ^  vat  for  woollen  dyeing,  the  fol- 
lowing kinds  may  be  distinguislied  :  the  wood  vat,  potash 
vat,  soda  vat,  urine  vat,  and  hydrosulphite  vai, 

239.  Woad  Vat. — In  setting  this  vat,  the  following 
substances  are  employed  for  a  vessel  of  the  dimensions 
already  given  :  Indigo,  15  kilos.  ;  woad,  300  kilos.  ;  bran, 
10  kilos. ;  Madder,  2 — 15  kilos, ;  dry  slaked  lime,  12  kilos. 
The  vat  is  first  partly  filled  with  water,  the  crushed 
woad  is  then  added,  and  the  whole  is  well  stirred  up  and 
heated  to  about  50° — 60°  C.  This  temperature  is  main- 
tained for  twentv-four  to  thirtv  hours,  the  stirring  beino: 
repeated  at  intervals  during  the  first  two  hours.  The 
well-gi'ound  Indigo,  also  the  bran,  Madder,  and  about 
half  the  total  quantity  of  lime,  are  now  added ;  after 
well  raking  up  the  whole  mixture,  the  vat  is  covered 
over,  and  left  to  itself  for  twelve  to  twenty-four  hours. 

By  this  time  fermentation  has  generally  well  begum 
It  is  recognised  by  the  following  appearances  :  the 
surface  of  the  vat4iquor  becomes  covered  with  a  coppery- 
blue  scum  or  "flurry."  On  gently  stirring  the  liquor,  it 
is  seen  to  possess  a  greenish-yellow  colour,  interspersed 
with  blue  veins  or  streaks  of  regenerated  indigo,  and 
the  general  odour  of  the  vat  is  agreeable.  If  the  bottom 
of  the  vat  liquor  is  disturbed,  a  slight  froth  appears  on 
the  surface,  and  on  bringing  up  a  portion  of  the  sediment 
with  the  rake,  it  shows  evidences  of  being  in  a  state  of 
slight  fermentation,  and  smells  somewhat  sour.  A 
piece  of  wool  immersed  in  the  liquid  for  a  short  time, 
and  then  exposed  to  the  air,  becomes  dyed  blue. 
All  these  appearances  denote  that  the  fermentation  is 
progressing  satisfactorily,  and  it  now  only  becomes 
necessary  to  keep  it  steady  and  under  control,  by  main- 
taining the  temperature  at  45° — 50°  C,  adding,  every 
two  or  three  hours,  a  portion  (one-eighth  to  one-fourth) 
of  the  remaining  quantity  of  lime,  and  vigorously  stirring 
the  whole  contents  of  the  vat  after  each  addition.  In  the 
course  of  the  next  twelve  to  twenty-four  hours,  provided 
the  fermentation  continues  to  progress  favourably,  the 
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vat  is  ready  to  be  used  for  dyeing.  Excessive  fermentation 
is  prevented  by  well-timed  and  suitable  additions  of  lime  ; 
sluggish  fermentation,  on  the  contrary,  is  accelerated  by 
making  further  additions  of  bran.  The  dyeing  power  of 
the  vat  is  maintained  by  adding,  after  each  day's  work, 
fresh  quantities  of  lime  and  bran,  and  every  other  day 
5 — 8  kilos.  Indigo  ;  care  being  taken  to  kee])  the  tem- 
perature of  the  liquor  at  about  50°  C.  After  three 
or  four  months,  or  whenever  the  vat  sediment  becomes 
so  bulky  that  there  is  a  difficulty  in  obtaining  the 
clear-liquor  space  necessary  for  good  dyeing,  no  further 
additions  of  Indigo  are  made ;  the  vat  is  then  used 
for  dyeing  light  blues,  and  when  its  colouring  power  is 
exhausted,  the  whole  contents  are  thrown  away.  The 
woad  vat  gives  rich  and  brilliant  colours,  and  serves 
equally  well  for  light  and  dark  shades  of  blue.  It  is  the  vat 
most  largely  employed  in  Yorkshire  for  woollen  dyeing. 

240.  Potash  Vat. — This  vat  is  made  up  with  the 
following  ingredients:  Indigo,  10  kilos.  ;  Madder,  2 — 5 
kilos.  ;  bran,  2 — 5  kilos.;  carbonate  of  potash,  10 — 15 
kilos.  The  bran  and  Madder  are  first  heated  to  80° — 
100°  C.  for  3 — 4  hours  with  water,  after  which  the  potash 
is  added  and  dissolved,  and  the  liquor  is  allowed  to  cool 
down  to  about  40°  C.  The  ground  Indigo  is  then  added, 
the  whole  is  well  stirred,  and  left  for  a  period  of  48 
hours  to  ferment,  only  an  occasional  stirring  every  12 
hours  or  so  being  needed. 

The  appearances  of  a  healthy  state  of  fermentation  in 
the  potash  vat  are  similar  to  those  observed  in  the  woad 
vat. 

This  vat,  owing  to  the  absence  of  such  a  highly  nitro- 
genous substance  as  woad,  is  less  liable  than  the  woad  vat 
to  get  out  of  order,  and  is  altogether  more  easily  managed. 
It  also  dyes  more  rapidly  than  the  woad  vat,  gives 
deeper  but  duller  shades  of  blue,  and  the  colour  does  not 
come  ofi'  so  much  on  milling  with  soap  and  weak  alkalis. 
It  is  best  adapted  for  very  dark  shades  of  navy  blue.  If 
unspun  wool  is  dyed  in  *Jiis  vat,  care  must   be  taken  to 
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xN'ash  it  thoroughly  in  water  afterwards,  otherwise  it  is 

apt  to  spin  badly. 

241.  Soda  Vat  (G-ennan  Vat). — This  vat  is  set  with 
the  following  materials :  10  kilos,  of  Indigo,  60 — 100  kilos, 
of  bran  (or  10 — 15  kilos,  of  treacle,  instead),  20  kilos. 
of  carbonate  of  soda  crystals,  5  kilos,  of  slaked  lime. 

The  bran  is  first  boiled  with  the  water  for  2 — 3 
hours,  the  liquid  is  then  cooled  down  to  40" — 50°  C, 
the  remaining  ingi-edients  are  added,  and  the  whole  is 
well  stirred  up  and  left  to  ferment  for  2  —  3  days, 
with  only  an  occasional  stirring.  During  the  progress  of 
the  fermentation,  lime  and  soda,  as  occasion  requires,  are 
added  from  time  to  time.  After  being  used  for  dyeing,  the 
vat  is  replenished  with  Indigo,  soda,  and  lima  This  vat 
is  cheaper  than  the  potash  vat,  because  of  the  diSerence 
in  price  between  potash  and  soda ;  it  also  lasts  longer. 
It  is,  however,  more  liable  to  get  out  of  order,  though 
always  more  easily  managed  than  the  woad  vat. 

242.  Urine  Vat. — This  vat,  although  of  minor  impor- 
tance, is  suitable  for  working  on  a  small  scale.  It  is  used 
by  those  who  only  require  to  dye  vat -indigo  blues 
occasionally,  or  in  comparatively  small  quantities.  The 
vat  is  made  up  as  follows  : — Add  to  500  litres  of  stale 
urine,  3 — 4  kilos,  of  common  salt,  and  heat  the  mixture  to 
50° — 60°  C.  for  4 — 5  hours,  with  frequent  stirring  ;  then 
add  1  kilo,  of  ]SIadder  and  1  kilo,  of  ground  Indigo,  stir 
well,  and  allow  to  ferment  till  the  Indigo  is  reduced.  In 
this  vat  the  indisfo-white  dissolves  in  the  ammonium 
carbonate  arising  fi'om  the  decomposition  of  the  uiea 
contained  in  the  urine. 

243.  Hydrosulphite  Vat. — The  active  reducing  agent 
in  this  vat  is  a  solution  of  hyf)Osulphurous  (hydro- 
sulphurous)  acid,  which  may  be  produced  by  the  action  of 
zinc  upon  a  solution  of  sulphurous  acid,  according  to  the 
following  equation  : 

IL,S03     -f     Zn    =    H,SO.     +     ZnO. 

Sulphurous  Ziuc.       Hypos  iilphur-  Zinc  oxide, 

acid.  ous  acid. 
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In  practice  the  zinc  is  allowed  to  act  upon  a  concen- 
trated solution  of  sodium  hydrogen  sulphite  (bisulphite), 
instead  of  sulphurous  acid,  in  which  case  the  reaction  is 
somewhat  more  complicated,  there  being  produced  a  solu- 
tion of  sodium  hydrogen  hyposulphite  and  zinc  sodium 
sulphite  which  separates  out,  thus  : 

Zn     +     SXaHSOs    =    NaHSOa     ^  ZiLN'a2(S03)2     +     HgO. 

Sodium  hydro-      Sodium  hydro-  Zinc  Sodium  sul- 

gen  sulphite.        gen     hyposul-  phite. 
phite. 

Tlie  reduction  of  the  indigotin  by  means  of  the  acid 
sodium  hyposulphite  may  be  represented  by  the  follow- 
ing equation : 

C16H10N2O2   4-   NaHSOg   -t-   NaHO  =  CigHjaNaOa  -f  NaaSOg. 

Indigotui.  Acid  sodium  Indigo-white.         Disodium 

hyposulphite.  sulphite.  ■ 

It  is  not  customary  to  reduce  the  indigo  in  each  vat 
separately,  but  rather  to  make  a  very  concentrated 
solution  of  reduced  indigo,  and  to  use  this  stock  solution 
for  preparing  and  replenishing  the  dye- vats. 

The  setting  of  a  hydrosulphite  vat  naturally  divides 
itself  into  three  phases. 

1st,  The  formation  of  acid  hyposulphite  of  soda  ac- 
cording to  the  above  equation. 

2nd,  The  changing  of  this  acid  hyposulphite  into 
neutral  hyposulphite  by  mixing  it  with  lime. 

3rd,  The  mixing  of  this  solution  with  Indigo  and  a 
further  quantity  of  lime,  in  order  to  produce  the  stock 
solution  of  reduced  indigo.  Fig.  84  shows  a  suitable 
apparatus  in  which  to  conduct  the  first  two  operations. 

(1)  A  vessel  a  provided  with  an  agitator,  and  which 
can  be  hermetically  closed,  is  packed  full  of  small  rolls 
of  zinc-foil,  then  filled  up  with  bisulphite  of  soda,  55°  Tw. 
(Sp.  Gr.  1*275),  and  thoroughly  saturated  with  sulphurous 
acid.  The  size  of  the  vessel  should  be  just  adapted  to 
the  quantity  of  hyposulphite  required  for  immediate  use, 
and  so  that  it  may  be  entirely  full  of  zinc,  in  order  to 
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prevent  oxidation  as  much  as  possible.  The  zinc  and 
bisulphite  of  soda  are  allowed  to  act  upon  each  other, 
with  occasional  stirring,  for  about  an  hour  at  least.  The 
sodium  hydrogen  hvposulphite  thus  produced  stands  at 

62°  Tw.  (Sp.  Gr.  1-31),  and, 
since  it  is  very  unstable,  it 
must  be  used  at  once,  either 
for  reducing  indigo  or  for 
making  the  neutral  sodium 
hyposulphite.  One  litre 
bisulphite  of  soda,  55°  Tw. 
(Sp.  Gr.  1-275)  requires 
100 — 125  grams  of  zinc,  of 
which  quantity  about  50 
grams  dissolve  during  the 
opei*ation.  Granulated  zinc 
or  zinc  powder  may  be  used 
instead  of  zinc-foil,  but  the 
former  retains  much  of  the 
liquid  when  the  vessel  is 
emptied;  and  cannot  be  so 
readily  washed.  The  latter 
is  perhaps  the  best  form  of 
zinc  to  use,  but  it  varies  con- 
siderably in  composition, 
and  owing  to  its  beincr  in  the 
state  of  such  a  fine  powder,  the  liquid  heats  considerably 
during  the  mixing,  so  that  there  is  alwavs  the  danger  of  a 
portion  of  the  hyposulphite  being  decomposed.  When- 
ever the  acid  hyposulphite  of  soda  has  been  drawn  ofi^ 
the  zinc  should  be  rinsed  with  water,  and,  if  not  im- 
mediately required  again,  the  vessel  should  be  filled  up 
with  water,  in  order  to  prevent,  as  much  as  possible,  the 
oxidation  of  the  zinc. 

"When  a  fresh  quantity  of  hvposul}5hite  is  to  be 
made  this  water  is  di^awn  off  and  the  zinc  is  rinsed,  first, 
with  water  slightly  acidulated  with  hydrochloric  acid, 
and  afterwards  with  water.     The  small  quantity  of  zinc 
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dissolved  in  the  previous  operation  is  replaced  by  an 
addition  of  fresh  zinc-foil,  so  that  the  vessel  may  be 
entirely  full.  Bisulphite  of  soda  solution  is  then  poured 
over  it,  and  the  process  as  already  described  is  repeated. 

(2)  In  order  to  change  the  unstable  acid  sodium  hypo- 
sulphite thus  produced  into  the  more  stable  neutral 
hyposulphite,  it  is  drawn  oflf  into  another  closed  vessel  b, 
and  there  mixed  with  milk  of  lime,  which  precipitates 
zinc  oxide  and  calcium  sulphite.  One  litre  of  acid  sodium 
hyposulphite,  62°  Tw.  (Sp.  Gr.  1 'SI)  requires  about  460 
grams  of  milk  of  lime,  containing  200  grams  of  quicklime 
per  litre.  The  mixture  is  well  agitated,  and  after  settling 
the  clear  liquid  is  drawn  off.  A  better  yield  is  obtained  by 
])assing  the  mixture  through  a  filter-press.  The  weight  of 
neutral  hyposulpliite  thus  obtained  is  about  the  same  as 
that  of  the  original  sodium  bisulphite,  and  it  has  a 
density  of  about  36°  Tw.  (Sp.  Gr.  1-12).  It  is  best  to  em- 
ploy the  solution  as  soon  as  possible  for  reducing  Indigo, 
and  not  to  make  more  than  is  required  for  immediate  use. 
If  it  is  ever  found  necessary  to  keep  it  for  some  time,  it 
must  be  made  alkaline  by  adding  a  little  lime. 

(3)  The  stock  solution  of  reduced  indigo  is  made 
by  heating  to  a  temperature  of  70° — 75°  G  the  following 
mixture  :  1  kilo,  of  Indigo,  1 — 1'3  kilos,  of  milk  of  lime 
(containing  200  grams,  of  quicklime  per  litre  of  water), 
and  so  much  neutral  hyposulphite,  36°  Tw.  (Sp.  Gr.  1"18), 
as  is  obtained  from  8 — 10  kilos,  of  concentrated 
sodium  bisulphite.  The  indigo  is  rapidly  and  completely 
reduced,  and  a  comparatively  clear  greenish-yellow  solu- 
tion is  obtained,  containing  about  one  kilo,  of  Indigo  per 
10 — 15  litres  of  solution.  With  an  insufficiency  of  lime, 
part  of  the  indigo-w^hite  is  not  dissolved,  but  remains  as  a 
dense  wdiite  precipitate.  In  setting  a  hydrosulphite  vat,  the 
vat  is  first  filled  with  w^ater  heated  to  50°  G.;  it  is  then 
deprived  of  the  oxygen  it  naturally  contains,  by  adding  a 
little  of  the  neutral  hyposulphite.  The  concentrated 
stock  solution  of  reduced  indigo  is  then  added  in 
sufficient  quantity  to  make  a  vat  of  the  required  strength, 
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and  since  there  is  no  sediment,  the  dyeing  may  be  at  once 
proceeded  with-  The  dyeing  power  is  maintained  by 
adding  fresh  quantities  of  the  c^oncentrated  solution  of 
reduced  indigo.  The  liquid  of  the  vat  should  always 
contain  an  excess  of  hyposulphite.  It  shoidd  have  a 
yellow  colour,  and  be  clear. 

If  from  anv  cause  excessive  oxidation  of  the  indigfo- 
white  takes  place,  and  the  liquor  becomes  greenish,  a  little 
more  hyposulphite,  and  possibly  also  milk  of  lime,  must  be 
added,  and  the  whole  heated  to  70° — 75°  C,  in  order  to 
accelerate  the  reduction  of  the  indigo  and  restore  the 
normal  yellow  colour.  When  the  vat  is  in  use  the  alka- 
linity of  the  liquid  increases,  and  there  is  a  danger  of 
both  the  colour  and  the  fibre  l^eing  injured ;  hence  it  is 
advisable  to  partially  neutralise  the  excess  of  alkali 
from  time  to  time,  by  making  slight  additions  of  dilute 
bydrocliloric  acid 

244.  Defects  in  Indigo  Vats. — All  the  fermentation 
vats  are  subject  to  derangements,  by  which  they  become 
more  or  less  useless.  The  most  serious  defect  is  produced 
by  using  a  deficiency  of  lime,  in  which  case  the  fer- 
mentation becomes  more  and  more  active  ;  if  allowed  to 
proceed  too  far,  the  indigo  is  totally  and  irretrievably 
destroyed- 

This  defect  is  recognised  by  the  following  character- 
istics :  The  flurry  disappears,  the  vat  liquor  has  a  muddy 
appearance,  and  gives  off  a  very  disagreeable  odour  ;  it 
has  a  dirty  reddish-yellow  tint,  and  acquires  the  property 
of  gradually  destroying  the  colour  of  a  small  piece  of 
indigo-blue  cloth,  which  may  be  plunged  into  it. 

The  only  remedy  to  be  applied,  in  such  a  case,  is  to 
heat  the  vat  liquor  to  90°  C,  and  add  lime  or  potash,  <fcc., 
according  to  the  kind  of  vat.  If  this  has  not  the  efiect 
of  arresting  the  fermentation,  the  vat  will  "  run  away," 
or  be  *'  lost,"  as  the  dyers  term  it.  The  woad  vat  is  the 
one  most  liable  to  this  defect,  because  it  contains  a  very 
large  quantity  of  nitrogenous  matter. 

Another  defect  is  caused  by  working  the  vat  too  hard, 
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i.e.,  dyeing  too  many  pieces  in  rapid  succession.  Under 
tliese  circumstances  the  appearance  of  the  vat  becomes 
very  similar  to  that  exhibited  in  the  last  defect,  but  the 
odour  is  faintly  ammoniacal.  A  vat  in  this  state  gives  much 
paler  colours  than  when  it  is  in  its  normal  condition. 
To  remedy  this  defect,  it  is  advisable,  first,  to  add  a  little 
lime — perchance  one  might  have  been  deceived  by  the 
colour  of  the  vat — and,  after  some  time,  to  add  a  little 
woad  and  warm  the  vat,  endeavouring  thus  to  promote 
rapid  reduction  of  the  precipitated  indigo,  and  to  get  rid 
of  the  excessive  amount  of  oxygen  which  has  been  intro- 
duced into  the  vat.  A  quicker  method  is  to  add  a  small 
quantity  of  ferrous  sulphate,  and  then  to  stir  up  the 
liquor  thoroughly. 

A  thii'd  defect  is  caused  by  the  presence  in  the  vat  of 
such  an  excess  of  lime,  as  to  precipitate  the  indigo-white. 
In  this  case,  the  vat  liquor  becomes  of  a  dark  brown 
colour,  and  the  healthy  odour  and  the  blue  scum  or 
"  flurry  "  disappear.  When  noticed  in  time,  this  defect 
is  remedied  by  adding,  at  intervals,  a  small  quantity 
(say  half  a  kilo.)  of  ferrous  sulphate,  or  of  dilute  sulphuric 
acid,  and  stirring  up  the  vat.  This  addition  precipitates 
the  excess  of  lime  as  calcium  sulphate. 

245.  Dyeing  with  the  Indigo-Vat. — The  operations 
involved  in  setting,  working,  and  keeping  the  fermen- 
tation indigo-vats  in  order,  are  very  simple,  but  since  the 
phenomena  of  fermentation  are  for  the  most  part  ex- 
tremely complex  and  ill-understood,  long-continued  and 
close  observation  is  necessary  before  one  is  able  at  a  glance 
to  recognise  the  features  characteristic  of  the  very  various 
conditions  which  the  vat  liquid  may  assume. 

Woollen  material,  of  whatever  kind,  must  always  be 
well  boiled  with  water,  and  then  at  once  passed  into  tepid 
water,  and  squeezed,  before  it  is  entered  into  the  indigo- 
vat.  It  should  never  be  allowed  to  lie  in  irregular  heaps 
after  boiling,  since  this  causes  unequal  dyeing.  This 
wetting-out  process  not  only  accelerates  the  absorption  of 
the  vat  liquor  by  the  material,  but  also  produces  more 
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even  dyeing,  and  prevents  the  introduction  into  the  vat 
of  a  large  amount  of  air,  which  would  oxidise  the  indigo- 
white,  and  cause  a  precipitate  of  indigo-blue  merely 
to  adhere  mechanically  and  loosely  to  the  surface  of  the 
material.  Cloth  previously  milled  with  soap  should  be 
well  boiled  with  water  and  M^ashed,  in  order  to  remove 
all  traces  of  soap,  otherwise  "  cloudy  "  or  irregular  dye- 
ing will  result,  through  tlie  precipitation  on  the  cloth  of 
a  lime-soap,  which,  being  of  a  sticky  nature,  acts  as  a 
resist.  Before  beginning  to  dye,  the  blue  scum  on 
the  surface  of  the  vat  liquor  must  always  be  skimmed 
off,  in  order  to  prevent  it  from  producing  irregular 
spots  on  the  material,  especially  in  the  case  of  cloth- 
dyeing. 

Loose  wool  is  gently  moved  about,  by  means  of  poles, 
in  that  portion  of  the  vat  liquor  which  is  above  the  tram- 
mel-net, care  being  taken  at  this  stage  never  to  bring  it 
above  the  surface  and  thus  expose  it  to  the  air.  Loose 
wool  is  best  dyed  in  a  vat  in  which  the  fermentation  is 
slightly  active.  When  it  has  been  immersed,  and  worked 
the  length  of  time  necessary  to  obtain  the  intensity  of 
colour  required  (say  ten  minutes  to  two  hours),  it  is 
taken  out,  placed  in  strong  bags  of  netted  cord,  and  the 
excess  of  liquor  is  well  wrung  out.  The  wool  is  then 
thrown  into  heaps,  and  remains  exposed  to  the  air  untU 
the  blue  colour  is  fully  developed.  The  dyed  wool  must 
now  be  well  washed  with  water  slightly  acidulated  with 
sulphuric  or  hydrochloric  acid,  in  order  to  remove  loosely 
adhering  indigo  and  all  soluble  material  absorbed  from 
the  vat,  also  to  dissolve  away  any  adhering  lime  carbonate. 
This  treatment  prevents  the  greyish  appearance  the  blue 
would  otherwise  acquire  on  drying,  and  gives  it  greater 
brilliancy.  The  acid  must,  of  course,  be  entirely  removed 
by  a  final  washing  in  water  before  drying. 

In  dyeing  woollen  yarn,  each  hank  is  worked  in  the 
vat  separately  for  a  short  time,  and  at  once  wrung  out 
and  thrown  on  the  floor  to  oxidise.  To  obtain  dark  shades 
the  whole  process  must  be  repeated  several  times.     Tho 
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subsequent  operations  of  washing,  &c.,  are  the  same  as 
in  the  case  of  dyeing  loose  wool. 

Woolle7i  cloth,  after  boiling  and  cooling  as  already 
mentioned,  is  dyed  by  moving  it  about,  or  "  hawking " 
it,  in  the  vat  liquid  above  the  trammel-net,  by  means  of 
an  instrument  called  a  "  hawk,"  i.e.,  a  double  hook,  one  of 
which  is  held  in  each  hand  by  the  workman.  Care  must 
be  taken  during  the  whole  operation  not  to  raise  the 
cloth  above  the  surface  of  the  liquid,  in  order  to  avoid 
irregular  oxidation,  and,  consequently,  uneven  dyeing. 
The  duration  of  the  hawking  process  may  vary  from 
twenty  minutes  to  two  hours,  according  to  the  dyeing 
power  or  strength  of  the  vat,  the  texture  of  the  cloth,  and 
the  depth  of  colour  required.  Since  the  vat  solution 
is  not  so  readily  and  thoroughly  absorbed  by  thick  and 
closely  woven  cloth,  such  material  requires  longer  time 
than  if  it  were  thin  and  loosely  woven.  In  many 
well-ordered  dye-houses,  the  moving  about  of  the  cloth  in 
the  vat  liquor  is  effected  by  a  so-called  hawking- machine. 
This  consists  essentially  of  a  framework,  supporting  a 
pair  of  squeezing  rollers  a  little  below  the  surface  of  the 
vat  liquor.  The  cloth  to  be  dyed  is  opened  out,  and  the 
ends  are  stitched  together,  so  as  to  form  a  broad  endless 
band ;  this  is  continually  drawn  through  the  vat  liquor 
and  between  the  squeezing  rollers  until  the  shade  re- 
quired is  obtained  ;  the  squeezing  rollers  are  provided 
with  close-fitting  iron  scrapers,  which  prevent  the  cloth 
from  wrapping  round  them,  and  the  framework  has  guiding 
pegs  to  keep  the  cloth  from  running  to  one  side.  Tlie 
squeezing  rollers  are  turned  either  by  hand  or  steam- 
power.  Such  machines  give  much  more  regular  work,  and 
in  thick  cloth  the  dye  may  be  made  to  penetrate  more 
thoroughly  to  the  centre  of  the  fabric,  it  being  possible 
to  regulate  at  will  the  pressure  of  the  squeezing  rollers. 

In  order  to  dye  to  an  exact  shade  of  dark  blue,  the 
cloth  is  worked  in  a  strong  vat  until  a  blue  a  little 
lighter  in  shade  than  that  ultimately  required  is  obtained  ; 
it  is  then  withdrawn  from  the  vat,  and  the  colour  is  fully 
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developed  by  exposure  to  the  air,  after  which  the  opera- 
tions are  repeated  in  a  weaker  vat  till  the  desired 
shade  is  gained.  If  a  light  shade  of  blue  is  wanted,  the 
cloth  is  at  once  worked  in  a  weak  vat  for  the  requisite 
length  of  time.  Cloth  dyes  best  in  a  vat  in  which  the 
fermentation  is  kept  very  moderate.  After  dyeing, 
the  cloth  must  be  rinsed  in  acidulated  water,  and  well 
washed,  as  already  mentioned  in  the  case  of  loose  wool. 
In  order  to  remove  every  trace  of  loosely  adhering 
indigo,  a  good  milling  with  soap  and  fuller's  earth  is 
eventually  given,  so  that  the  finished  piece  will  not  soil 
a  white  handkerchief  when  rubbed  on  its  surface.  Pre- 
vious to  fulling,  it  is  well  to  boil  the  goods  with  a  solution 
of  alum  or  bichromate  of  potash  and  tartaric  acid.  This 
operation  makes  the  colour  much  faster  against  light 
and  rubbing.  As  a  rule,  the  loose  indigo  removed 
during  the  fulling  operation  is  allowed  to  run  to  waste, 
but  it  is  probable  that  much  of  it  might  be  profitably 
regained  from  the  sediment  of  the  fulling  mills,  by  a 
system  of  washing  based  on  the  difference  of  Specific 
Gravity  between  the  fuller's  earth  and  indigotin ;  or 
one  might  mix  the  sediment  with  ferrous  sulphate 
solution,  let  settle,  draw  off  the  clear  solution  of  reduced 
indigo,  oxidise  it,  and  collect  the  regenerated  and  pre- 
cipitated indigo. 

By  boiling  the  cloth  (after  dyeing  and  washing)  with 
Barwood,  Sanderswood,  or  Camwood,  the  blue  is  said  to 
be  better  fixed  and  faster  against  light  than  without 
this  treatment.  It  is  not  so  liable  to  bleach  at  the  cut 
edges,  &c.  Steaming  the  goods  for  half  an  hour  makes 
the  blue  a  little  more  violet,  but  faster  against  light. 
Vat-blues,  which  have  been  boiled  with  alum  and  tartar 
after  dyeing,  become  slightly  paler  by  the  operation, 
but  are  rendered  much  more  stable  against  light;  the 
ultimate  gain  being  much  greater  than  the  primary  loss. 
Exposure  to  light  gives  vat-blue  a  violet  tint.  By  boiling 
with  alum  and  tartar,  after  dyeing  and  washing,  &c.,  and 
steaming  half  an  hour  in  addition,  the  colour  is  only 
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slightly  weaker,  and  the  greatest  fastness  against  lioht 
IS  obtained.  If  treated  in  this  way,  the  colour  becomes 
darker  during  the  first  five  months  of  exposure  to  light 
and  air,  and  at  the  end  of  the  year  possesses  the  same 
depth  of  shade  as  at  first.  From  these  facts  it  may  be 
inferred  that  in  the  case  of  woaded  browns,  greens,  &c 
the  dyeing  in  the  woad-vat  should  precede  the  mordantinci 
and  dyeing  of  the  added  colours.  ° 

246.  Application  to  Silk.—^i\k  is  now  seldom  dyed 
vat-blue.  Lime  tends  to  make  the  silk  harsh  and  brittle 
hence  it  is  well  to  employ  the  soda  or  potash  vat,  the 
hydrosulphite  vat,  or,  better  still,  a  vat  in  which  the 
Indigo  is  reduced  by  zinc  powder  and  ammonia. 
/PTQ?^'('i^^a>P  ^^^^act;  Indigo  Carmine  [a.H.N.O^ 
(afeUg),].  I  his  colouring  matter  is  the  product  of  the 
action  of  strong  sulphuric  acid  on  Indigo. 

248.  Application  to  Co«o7z.— Indigo  Extract  has  no 
aanity  for  cotton,  and  cannot  be  used  by  the  cotton  dyer 
It  is^^owever,  occasionally  used  by  bleachers  for  tintincr' 
^49.  Application   to    iroo/.— The    blue    obtained   on 
wool,  by  means  of  Indigo  Extract  and  Indigo  Carmine  is 
sometimes  called   "  Saxony  blue."     It  is  a  much  brio-hter 
colour  than  that  obtained  by  means  of  the  indio-o-vat 
but   IS  very  far  from  being   so  fast   either  to    li^ht   or 
to    the  action   of    soap    and  weak    alkalis.     Hence    it 
does   not   stand   milling   well.     Wool    must   always    be 
dyed  with  the  above-mentioned  colouring  matters  in  an 
acid    bath.      When  "sour  extract"   {i.e.,  indigotin-disul- 
phonic  acid,  containing  free  sulphuric  acid)   is  used,  no 
otner  addition  to  the  dye-bath  than  the  Extract  itself  is 
necessary.      The  wool  may  be  entered  at  40'— 50°  0  • 
the  temperature  of  the  bath   should  then  be  gradually 
raised  in  the  course  of  half  an  hour  to  the  boiliua  point 
the    dyemg    continued    for   half    an    hour    lono-er      Bv 
dyeing  at   70-80°  C,  a  purer  blue  is  obtained?  but  the 
colour  IS  apt  to   have  an  uneven,  speckled  appearance. 
Boiling  levels  the  colour,  but   makes   the   shade  greener 
When  Indigo  Carmine  is  employed,  this  being  the  sodium 


318  DYEING    OF    TEXTILE    FABRICS.  [Chap.  XIII 

salt  of  indigotin-disulphomc  acid,  it  is  necessary  to  add 
to  the  dje-bath,  along  with  the  colouring  matter,  5 — 10 
per  c-ent.  of  sulphuric  acid,  168°  Tw.,  so  that  this  may  com- 
hine  with  the  sodium,  and  liberate  the  colour-acid  itself. 
Without  this  addition  the  full  colouring  power  of  the 
Indigo  Carmine  would  not  be  developed.  The  addition 
of  10 — 20  per  cent,  of  sodium  sulphate  to  the  dye-bath 
along  with  s\ilphuric  acid  tends  to  make  the  colour  uni- 
form or  level.  Sometimes  alum  is  also  added  to  the  bath 
in  order  to  mordant  the  wool  slightly,  and  permit  the 
application  of  Logwood  and  other  polygenetic  colouring 
matters. 

250.  Application  to  Silk. — Dye  at  a  temperature  of 
40° — 50°  C,  in  a  bath  acidified  with  svdphuric  acid,  and 
containing  the  amount  of  Indigo  Carmine  solution  neces- 
sary to  produce  the  depth  of  shade  required. 

Another  method  is,  to  mordant  the  silk  first  with 
alum  by  steeping  twelve  hours  in  a  solution  of  25  per  cent, 
of  alum,  and  then,  without  washing,  to  dye  in  a  solution 
of  Indigo  Carmine  with  the  addition  of  about  10  per  cent, 
of  alum  to  the  dj-e-bath.  If  scroop  is  required,  a  further 
addition  of  a  little  acetic  acid  or  cream  of  tartar  is 
necessary. 

In  this  case  the  ahim  acts  in  no  sense  as  a  mordant 
for  the  lodigo  Carmine,  but  makes  it  possible  to  redden 
the  shade,  or  even  to  produce  a  violet  colour,  by  adding 
Cochineal  decoction  to  the  dye-bath  ;  by  the  further 
addition  of  decoctions  of  Old  Fustic,  Logwood,  Orchil,  (tc, 
various  shades — grey,  drab,  brown,  &.c. — may  be  obtained, 
according  to  the  amount  of  each  colouring  matter  em- 
ployed. 

By  adding  to  the  dye-bath  a  decoction  of  10 — 20  per 
cent,  of  Logwood,  a  dark  shade  of  blue  is  obtained  ;  the 
addition  of  too  much  Logwood  decoction,  however,  must 
be  avoided,  otherwise  the  colour  is  apt  to  become  duU. 
The  most  rational  method  of  adding  the  colour  yielded 
by  Logwood  to  that  of  the  Indigo  Carmine,  is  to  dye  with 
the  two  colouring  matters  in  separate  baths. 
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LOGWOOD. 

251.  This  dyewood  consists  of  the  heart  wood  of 
Hcematoxylon  camj^echianum,  growing  in  Central  America. 

252.  Application  to  Cotton. — The  principal  use  of 
Logwood  in  cotton-dyeing  is  for  the  production  of  blacks 
and  greys  ;  it  may,  however,  also  serve  for  purples,  blues, 
and  numerous  composite  colours.  In  conjunction  with 
other  colouring  matters,  it  is  employed  for  the  production 
of  numerous  compound  shades,  its  use  being,  in  such 
cases,  to  make  the  colour  darker,  or  of  a  bluer  tone. 

253.  Logwood  Blacks. — The  method  of  obtaining  a 
logwood  black  consists  essentially  in  mordanting  the 
cotton  with  a  salt  of  iron,  and  then  dyeing  with  a  decoc- 
tion of  Logwood.  Numerous  modes  of  applying  this 
simple  process  are  in  general  use,  but  the  principle  i? 
always  the  same. 

In  order  to  mordant  the  cotton,  it  may  be  worked  in 
a  cold  solution  of  pyrolignite  or  nitrate  of  ii'on,  at  about 
5°  Tw.  (Sp.  Gr.  1-625)  till  •  thoroughly  saturated;  after 
squeezing,  the  iron  is  fixed  by  working  in  a  cold  weak 
bath  of  sodium  carbonate,  or  milk  of  lime ;  the  cotton 
is  finally  w^ell  washed  in  water. 

Anotlier  method  of  mordanting,  and  one  wdiich  gives 
faster  blacks,  is  to  fix  on  the  fibre  a  tannate  of  iron 
instead  of  ferric  oxide,  as  in  the  last  case.  Work  the 
cotton  in  a  cold  infusion  of  about  30 — 40  per  cent,  of 
Sumach,  or  its  equivalent  of  other  tannin  matter  (ground 
Gall-nuts,  Myrabolams,  &c.),  and  allow  it  to  steep  for 
several  hours,  or  even  over-night;  remove  the  excess,  and, 
without  washing,  work  for  about  half  an  hour,  in  a  cold 
solution  of  pyrolignite  or  nitrate  of  iron  at  2° — 4°  Tw. 
(Sp.  Gr.  rOl — 1'02),  and  wash  well.  In  order  to  remove 
all  traces  of  acid,  and  to  fix  more  completely  on  the  fibre 
a  basic  salt  of  iron,  it  is  advisable  before  washing  to 
work  the  cotton  in  a  cold  bath  of  chalk- water,  or  in  weak 
milk-of-lime.  Not  unfrequently  a  lime  bath  is  applied 
immediately  after  sumachiiig  and  before  passing  into  the 
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iron  bath.  In  this  case  a  tannate  of  lime  will  be  formed 
upon  the  libre,  and  the  double  decomposition  with  the 
iron  salt  is  facilitated,  since  the  lime  at  once  takes  up 
the  acid  liberated. 

In  wai-p  dyeing  the  whole  process  is  continuous,  and 
the  cotton,  after  being  steeped  in  a  decoction  of  mvrabo- 
lams  is  passed  successively  through  baths  containing 
lime-water,  nitrate  of  iron,  logwood  liquor,  dilute  iron 
solution,  and  water. 

For  low-class  goods,  many  dyers  substitute  fen-ous 
sulphate  for  the  pyrolignite  and  nitrate  of  iron. 

The  pyrolignite  of  iron  may  also  be  mixed  with  an 
equal  or  somewhat  smaller  amount  of  aluminium  acetate 
(red  liquor)  at  5'-  Tw.  (Sp.  Gr.  1-025),  in  which  case  it 
may  be  better  to  fix  the  mordants  by  working  the  cotton 
for  a  quarter  of  an  hour  at  50^ — 60"  C,  in  a  dilute 
solution  of  phosphate  or  arsenate  of  soda. 

An  aluminium  mordant  alone  would  give  a  dull  lilac 
shade,  but  along  with  an  iron  mordant  it  helps  to  re- 
move the  unpleasant  reddish  or  rusty  appearance  of  the 
blacks  otherwise  obtained. 

When  Catechu  is  the  tannin  matter  employed,  the 
cotton  should  be  worked  in  a  boiling  decoction  of  it,  and 
allowed  to  steep  till  cold,  in  order  to  effect  the  precipita- 
tion on  the  fibre  of  the  maximum  amount  of  catechin. 
The  cotton  may  afterwards  be  worked  b — 15  minutes  in 
a  boiling  solution  of  bichromate  of  potash  (five  grams 
per  litre ',  before  passing  it  into  the  bath  of  pyrolignite  of 
iron,  though  this  is  not  absolutely  necessaiy. 

By  whichever  method  the  mordanting  is  effected,  the 
dyeing  takes  place  in  a  separate  bath  containing  a 
suitable  amount  of  freshly -made  Logwood  decoction,  to- 
gether with  a  small  quantity  of  extract  of  Old  Fustic,  or 
of  Quercitron  Bark.  If  an  iron  mordant  only  has  been 
employed,  it  is  beneficial  to  add  also  a  small  quantity 
of  cop|>er  sulfthate  to  the  dye-bath,  in  order  to  prevent 
the  cotton  from  acquiring  the  rusty  appeai-ance  already 
referred  to. 
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The  cotton  is  introduced  into  the  cold  dye  liquor,  and 
the  temperature  is  gradually  raised  to  the  boiling  point. 

After  dyeing,  the  cotton  may  be  passed  through  a 
solution  of  bichromate  of  potash,  0.5  gi-ams  per  litre, 
at  60'  C.  This  operation  gives  intensity  and  fastness  to 
the  black,  since  any  excess  of  colouring  matter  is  fixed 
as  a  chromic  oxide  lake. 

The  dyed  cotton  is  washed  and  worked  in  a  solution 
of  soap,  five  grams  per  litre,  at  a  moderate  temperature, 
then  squeezed  and  dried.  This  final  soaping  removes 
any  bronze  appearance,  and  imparts  to  the  colour  a  bluer 
and  more  agreeable  tone.  The  cot;:on  also  acquires  a 
softer  feel. 

The  following  is  a  method  by  which  a  chrome  black 
on  cotton  can  be  obtained  in  a  single  bath  : 

Dissolve  1  -5  kilos,  of  bichromate  of  potash  in  a  small 
quantity  of  water,  mix  the  solution  Avith  500  litres  of  Lo<'- 
wood  decoction  at  3^  Tw.  (Sp.  Gr.  1-015),  and  add  3^5 
kilos,  of  hydrochloric  acid,  3i^  Tw.  (Sp.  Gr.  M7).  The 
cotton  is  introduced  into  the  cold  solution,  and  the  tempe- 
rature is  very  gradually  raised  to  the  boiling  point.  The 
cotton  acquires  at  first  a  deep  indigo-blue  shade,  which 
changes  to  a  blue-black  on  washing  with  a  calcareous 
water. 

A  slight  modification  of  this  process  which  may  be 
adopted,  is  to  work  the  cotton  in  a  solution  containing 
at^  first  only  the  bichromate  of  potash  and  hydrochloric 
acid,  and  to  add  the  decoction  of  Logwood  to  the  bath,  in 
small  portions  from  time  to  time,  gradually  raising  the 
temperature  as  before. 

Another  method  of  producing  a  Logwood  black,  is  to 
dye  in  a  bath  containing  Logwood  extract,  and  copper 
acetate,  entering  the  cotton  cold,  raising  the  tempera- 
ture gradually  to  50"  C,  and  dyeing  at  that  temperature 
until  the  colour  is  sufficiently  developed. 

Copper  sulphate,  to  the  amount  of  about  4  per  cent, 
of  the  weight  of  cotton,  is  frequently  used  instead  of 
acetate,  and  an  addition  of  4  per  cent,  of  soda-ash  is  made 

V 


322  UYEING   OF   TEXTILE   FABRICS.  [Chap.  Xin. 

to  the  bath  along  with  20  per  cent,  of  solid  Logwood, 
extract. 

The  cotton  is  passed  rapidly  through  this  mixture, 
heated  to  60° — 80°  C,  and  then  allowed  to  oxidise  or 
"  smothoj* "  for  5 — 6  hours.  This  process  requires  to  be 
repeated  several  times  before  a  full  black  is  obtained.  The 
method  is  not  economical  for  ordinary  use,  but  it  is  said 
to  yield  a  black  which  withstands  milling  with  soap  very 
well.  Carbonate  of  copper  may  also  be  applied  in  the 
above  process,  instead  of  copper  sulphate  and  soda-ash. 

The  methods  already  given  may  be  adapted  to  the 
dyeing  of  unspun  cotton.  The  following  method  of  dyeing 
a  chrome  black  is  said  to  be  specially  applicable  to  such 
as  must  withstand  the  operation  of  fulling.  Wet  out  the 
cotton  well  in  boiling  water,  then  boil  in  a  strong  solution 
of  about  30  per  cent,  of  solid  Logwood-extract,  drain,  and 
allow  it  to  lie  exposed  to  the  air  for  some  time  ;  complete 
the  oxidation  thus  begun,  by  working  it  one  hour  in  a 
cold  solution  of  8  per  cent,  of  bichromate  of  potash  and  6 
per  cent,  of  copper  sulphate,  wash  and  complete  the  dyeing 
in  a  bath  containing  10  per  cent,  of  Logwood  extract ; 
enter  the  cotton  cold,  and  raise  the  temperature  gradually 
to  the  boiling  point.     Wash,  soap,  and  dry. 

In  the  first  bath  the  cotton  simply  absorbs  the  colouring 
matter  of  the  Logwood  ;  in  the  second  this  is  oxidised,  and 
at  the  same  time  combined  with  a  sufficient  amount  of 
mordant,  copper  and  chromic  oxide,  to  enable  it  to  take 
up  still  more  colouring  matter  in  the  third  bath.  The  first 
Logwood  bath  is  analogous  to  the  taimin  bath  alluded  to 
in  a  previous  process  (p.  319). 

254.  Logwood  Greys  are  obtained  by  working  the 
cotton  for  a  short  time  at  40° — 50°  0.  in  a  weak  decoction 
of  Logwood  (1 — 5  per  cent.),  then  in  a  separate  bath  con- 
taining a  weak  solution  of  ferrous  sulphate  or  potassium 
dichromate,  and  washing.  Many  dyers  adopt  the  ap- 
parently iiTational  method  of  mixing  the  ferrous  sulphate 
and  Logwood  solutions^  and  dye  at  once  in  the  inky 
liquid  thus  obtained.     Comparatively  little  precipitate, 
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however,  is  produced  in  the  dye-b^th  in  this  case,  and  the 
colour  is  for  the  most  part  developed  on  the  cloth  itself 
during  the  subsequent  oxidation  by  exposure  and  wash- 
ing. The  shade  of  gi'ey  may  be  modified  ad  libitum,  by 
adding  to  the  Logwood  bath  a  small  proportion  of  decoc- 
tions or  extracts  of  tannin  matter.  Old  Fustic,  Peach- 
wood,  &c. 

255.  Logwood  Purples  are  obtained  by  mordanting 
the  cotton  in  a  weak  solution  of  stannous  chloride,  then 
washing  and  dyeing  in  a  separate  Logwood  bath.  The 
colour  is  tolerably  fast  to  soap,  but  not  to  light. 

256.  Logwood  Blues  on  cotton  are  now  seldom  dyed, 
because  of  their  fugitive  character.  To  obtain  them, 
work  the  cotton  in  a  bath  containing  a  decoction  of  Log- 
wood and  a  small  proportion  of  copper  acetate  or  sulphate, 
raising  the  temperature  gradually  to  50^  C.  The  tone  of 
colour  has  great  similarity  with  that  of  an  indigo- vat  blue. 

257.  Ajjplication  to  Wool. — Logwood  is  the  essential 
basis  of  all  good  blacks  on  wool,  although  other  colouiing 
mattei^  are  frequently  used  along  with  it,  either  to 
modify  the  particular  shade  of  black,  or  to  add  to  its 
intensity  and  permanence. 

According  to  the  materials  employed,  we  may  distin- 
guish the  following  kinds,  Chrome  black,  copperas  black, 
and  woaded  black. 

258.  Chrome  Blacks  are  produced  by  fii-st  mordanting 
the  wool  for  1 — 1^  houi'  at  100°  C,  with  3  per  cent,  of 
bichi'omate  of  potash  and  1  per  cent,  of  sulphuric  acid,  168" 
Tw.  (Sp.  Gr.  l'8-l),  then  washing  and  dyeing  in  a  separate 
bath  for  1— li  hour  at  100^  C,  with  35—50  per  cent,  of 
Logwood.  This  represents  the  simplest  form  of  dyeing  a 
chi'ome  black,  but  in  practice  numerous  slight  modifica- 
tions are  introduced,  in  order  to  obtain  various  shades  of 
black.  The  following,  which  are  typical,  may  be  men- 
tioned. The  mode  just  given  yields  a  blive-black,  or,  as  it 
is  sometimes  called,  a  black  with  blue  reflection.  By  the 
addition  of  a  suitable  amount  of  some  yellow  colouring 
matter  to  the  dye-bath — e.g.,  5  per  cent.  Old  Fustic — a 
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dead-black  is  obtained,  i.e.,  a  neutral  black,  which  possesses 
no  decided  tint  of  blue,  green,  violet,  i;c.  By  increasing 
the  amount  of  Old  Fustic  to  10  per  cent.,  a  green-bJficli  is 
obtained,  and  the  greenish  shade  becomes  still  more  pro- 
nounced, if  3 — i  per  cent  of  alum  is  added  to  the  mor- 
danting bath  along  with  the  bichromate  of  potash. 

A  vivM-black  is  produced  by  dyeing  exactly  as  for 
blue  black,  but  after  the  dye-bath  has  been  exhausted,  a 
dilute  solution  of  about_2  per  cent  of  stannous  chloride 
(tiu  crystals),  or  its  equivalent  of  commercial  muriate  of 
tin  containing  no  fi'ee  acid,  is  added  to  the  dye-bath,  and 
the  boiling  is  continued  15 — 20  minutes  longer. 

In  the  case  of  dead-blacks,  it  is  the  custom  with  some 
dyers  to  "  sadden '"  in  a  similar  way  with  3 — 4  per  cent  of 
ferrous  sulphate;  or  instead  of  this,  the  goods  are  passed, 
after  dyeing,  through  a  warm  bath  containing  about  0-5 
per  cent,  of  bichromate  of  potash.  The  object  of  these  last 
modifications  is  to  precipitate  and  fix  more  completely  on 
the  wool  any  colouring  matter,  perchance  not  combined 
with  the  mordant,  but  simply  absorbed  by  the  wool 

With  black  yarn,  which  will  eventually  appear  in  a 
woven  fabric,  in  close  proximity  to  white  or  delicately- 
coloured  yams,  this  fixing  of  the  dye  is  very  necessary, 
otherwise  the  light-coloured  or  white  yams  become 
stained  during  the  operations  of  milling,  ic,  and  the 
finished  fabric  has  a  soiled  appearance.  It  is  always  the 
case  that  some  black  comes  ofl' during  these  opei'ations,  but 
if  the  colouring  matter  of  the  Logwood  is  thoroughly  com- 
bined with  its  own  moi^lant,  it  will  not  readily  combine 
with  the  mordant  of  any  neighbouring  fibre,  but  be 
simply  rubbed  or  washed  out  as  an  insoluble  powder. 

Clirome  blacks  may  also  be  dyed  in  a  single  bath,  as 
follows  :  A  mixtui'e  of  Logwood  liquor  and  bichromate  of 
potash  solution  in  suitable  proportions  is  boiled.  The 
precipitate  thus  produced  is  collected,  and  may  then  l^e 
employed  as  a  "  direct  black,"  or  a  "  one-dip  dye."  It  is, 
indeed,  the  actual  coloured  body  or  pigment  one  wishes  to 
fix  upon  the  wool,  and  this  is  rendered  possible,  because 
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not  only  is  the  precipitate  soluble  in  an  acid  solution,  but 
the  wool  is  capable  of  attracting  it  from  the  solution.  The 
precipitate  is  added  to  the  dye-bath,  along  with  just  suffi- 
cient oxalic  acid  to  dissolve  it,  and  the  wool  is  dyed  in  the 
solution  at  100°  C,  for  one  and  a  half  hour.  Good  results 
are,  however,  not  so  readily  obtained  as  when  iron  and 
copper  mordants  are  used  (see  Bonsor's  black,  p.  329). 

259.  Indigo  Substitute. — This  product,  at  present 
sold  in  the  form  of  a  purplish-blue  liquid,  is  said  to  be  pro- 
duced by  boiling  together  Logwood  extract  and  chromium 
acetate.  Cotton  is  dyed  by  simply  working  it  in  a  hot 
solution  of  the  mixture. 

Of  all  the  blacks  derived  from  Logwood,  the  chrome 
black  is  the  one  least  affected  by  acids.  If  tested  by 
spotting  with  strong  sulphuric  acid,  it  becomes  a  dark 
olive  colour.  It  also  resists  the  action  of  scouring  and 
fulling  very  well.  On  the  other  hand,  however,  chrome 
blacks  are  not  altogether  satisfactory  as  regards  their 
behaviour  on  exposure  to  light.  They  gradually  assume 
a  greenish  hue,  although  otherwise  they  are  tolerably 
fast. 

The  greening  of  a  chrome  black  is  most  apparent 
when  Logwood,  or  Logwood  and  Old  Fustic,  have  been 
employed  in  dyeing.  Its  bad  effect  may  be  counteracted 
by  the  addition  of  a  suitable  red  colouring  matter  to  the 
dye-bath — e.g.  Alizarin — or  by  dyeing  the  wool  a  reddish- 
brown  colour  before  dyeing  with  Logwood.  This  is  very 
conveniently  carried  out  in  practice  by  boiling  the  wool 
with  6 — 8  per  cent,  of  Camwood  for  an  hour,  then  adding 
to  the  exhausted  bath  the  bichromate  of  potash  (generally 
with  the  addition  of  a  small  percentage  of  alum  and 
tartar),  and  mordanting,  &c.,  as  already  given. 

Owing  to  the  comparatively  small  proportion  of 
bichromate  of  potash  required  to  produce  the  fullest 
blacks,  there  is  evidently  a  minimum  quantity  of  lake 
precipitated  on  the  fibre,  so  that  the  latter  retains  very 
much  its  pristine  elasticity  and  softness. 

Excess  of  bichromate  of  potash  should   always   be 
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avoided,  since  the  colour  is  then  more  liable  to  become 
gi'een,  or  to  fade,  on  exposure  to  light. 

260.  The  use  of  Bichromate  of  Potash.— The  fol- 
lowing results  of  expeiiments  on  the  use  of  chromium 
mordants  will  be  of  interest. 

By  mordanting  the  wool  with  3  per  cent,  of  bichro- 
mate of  potash,  a  full  and  bright  shade  is  obtained.  The 
use  of  more  than  this  amount  causes  the  colour  to  become 
dull  and  gi-ev  (over-chroming,  see  p.  209). 

The  employment  of  sulphiu'ic  acid  along  with  the  bi- 
chromate of  potash  is  advantageous  when  the  proportion 
does  not  exceed  one  molecule  of  sulphuric  acid  to  one 
molecule  of  bichromate  of  potash,  i.e.,  1  per  cent,  of  sul- 
phuric acid  168'  Tw.  to  3  per  cent,  of  bichromate  of  potash. 

T^'hen  used  in  this  proportion  it  gives  a  brighter  and 
somewhat  deeper  shade  than  can  be  obtained  fi'om  bi- 
chi'omate  alone  :  but  should  the  above-mentioned  amount 
be  exceeded,  a  dull  grey  appearance  results,  which  becomes 
more  apparent  as  the  amount  of  sulphuric  acid  increases. 

If  the  bichromate  of  potash  be  increased  along  with 
the  sulphuric  acid,  the  injurious  effects  of  "  over- 
chroming  "  are  intensified. 

The  addition  of  tartar  or  tartaric  acid  to  the  mor- 
danting bath,  along  with  bichromate  of  potash,  is  bene- 
ficial, the  shades  being  much  more  brilliant,  though 
somewhat  lighter,  than  when  sulphuric  acid  is  used. 

Tartaric  acid  gives  decidedly  brighter  and  more 
purple  shade.?  than  tartar.  The  best  results  are  obtained 
by  using  6  per  cent,  of  tartaric  acid  or  8  per  cent,  of 
tartar  to  3  per  cent,  of  bichromate  of  potash. 

Oxalic  acid  is  also  beneficial  in  the  mordanting  bath, 
and  in  this  case,  4  per  cent,  of  oxalic  acid  to  3  per  cent, 
of  bichromate  of  potash  yields  the  best  results. 

On  comparing  the  shades  obtained  by  using  these 
acids  in  the  mordanting  bath,  it  is  seen  that  they  are  all 
better  than  can  be  obtained  by  bichi'omate  of  potash  alone. 

The  addition  of  sulphuric  acid  produces  a  deep,  dead- 
lool^ing  blue-black  :  tartar  or  tartaric  acid  yields  a  bright 
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bloomy  bluisli-black  ;  oxalic  acid  a  black  wliicli  is  darker, 
duller,  and  slightly  greener  than  can  be  obtained  with 
tartar  or  tartaric  acid,  but  not  so  dark  as  with  sulphuric 
acid. 

Whenever  bichromate  of  potash  alone  is  employed, 
the  mordanted  cloth  has  a  dull  yellow  colour,  but  if 
tartar  or  tartaric  acid  has  been  added  to  the  bath,  it  is  a 
pale  bluish-green. 

From  these  results  it  would  appear  that  the  best 
shade  is  obtained  when  the  chromium  mordant  is  fixed 
on  the  cloth  in  the  state  of  chromic  oxide  previous  to  the 
application  of  the  Logwood. 

The  substitution  of  chrome  alum  as  a  mordant  in 
place  of  bichromate  of  potash  does  not  give  good  results, 
the  ultimate  colour  obtained  having  an  irregular  speckled 
appearance,  evidently  owing  to  the  unequal  deposition  of 
the  chromic  oxide ;  besides  a  very  large  proportion  of 
tartar  must  be  used  to  obtain  a  full  shade. 

WTien  the  cloth  has  been  mordanted  with  bichromate 
of  potash  alone,  or  with  bichromate  of  potash  and  sul- 
phuric acid,  the  presence  of  chalk  or  calcium  acetate 
in  the  dye-bath  is  decidedly  injurious.  The  acetate  seems 
to  be  least  hurtful,  although,  even  with  this,  the  addition 
of  more  than  2  per  cent,  gives  the  colour  a  greyish  ap- 
pearance. If  tartar  has  been  employed  along  with  the 
bichromate  of  potash,  the  presence  of  calcium  acetate  is 
decidedly  beneficial,  the  shade  being  intensified  from  a 
pale  blue  when  no  calcium  acetate  is  used,  to  a  deep 
indigo-blue  when  30  per  cent,  is  employed.  The  best 
amount  to  use  appears  to  be  30  per  cent.,  but  even  80 
per  cent,  may  be  added  to  the  dye-bath  without  any  great 
detriment,  the  colour  merely  losing  a  little  brilliancy  and 
pui'ple  tone,  and  becoming  blacker. 

261.  Copperas  or  Ferrous  Sulphate  Black.— This 
black  was  formerly  the  one  in  general  use,  but  since  the 
introduction  of  the  chrome  black,  it  has  been  more  or 
less  discontinued.  It  is  often  used  for  low-class  carpet, 
yams,  d:c. 
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Two  methods  may  be  employed,  namely,  that  of  mor- 
danting the  wool  first  and  dyeing  afterwards,  or  that  in 
which  the  wool  is  first  boiled  with  Logwood  and  after- 
wards saddened. 

It  is  usual  to  add  along  with  the  ferrous  sulphate  a 
small  proportion  of  copper  sulphate,  and  when  the  first 
method  is  employed,  argol,  and  frequently  also  alum,  is 
added. 

Example  of  first  method.  —  Mordant  the  wool  for 
11 — 2  hours  with  4 — 6  per  cent,  of  ferrous  sulphate, 
2  per  cent,  of  copper  sulphate,  2  per  cent,  of  alum,  8 — 12 
per  cent,  of  argol ;  take  out,  squeeze,  and  let  lie  overnight. 
Dye  for  1 J  hour  with  40 — 50  per  cent,  of  Logwood. 

ExdmjyJe  of  second  method. — Boil  the  wool  for  one 
hour  with  a  decoction  of  40 — 50  per  cent,  of  Logwood, 
and  5 — 10  per  cent,  of  Old  Fustic  ;  lift^  cool  the  bath,  add 
4 — 6  per  cent,  of  ferrous  sulphate,  and  2  per  cent,  of 
copper  sulphate,  re-enter  the  wool,  raise  the  temperature 
to  1 00°  C.  in  three-quarters  of  an  hour,  and  boil  half  an 
hour.     The  first  method  is  the  more  economical. 

The  amount  of  tartar  or  argol  used  along  with  the 
ferrous  sulphate  in  the  first  method  has  considerable 
influence  on  the  beauty  of  the  colour  ;  with  too  little  it 
is  grey  and  dull ;  an  excess  is  less  hurtful.  Experiment 
shows  that  the  relative  proportions  should  be — 1  molecule 
of  ferrous  sulphate,  2 — 3  molecules  of  cream  of  tartar. 
There  is  no  advantage  in  using  more  than  6  per  cent,  of 
ferrous  sulphate.  Wool  mordanted  with  ferrous  sulphate 
alone  is  buff-coloured  from  deposition  of  ferric  oxide  ;  when 
tartar  is  used  its  colour  remains  almost  unchanged.  If 
the  water  employed  is  not  calcareous,  the  addition  of  3  per 
cent,  of  chalk,  or  preferably  calcium  acetate,  to  the  dye- 
bath  increases  the  intensity  of  the  colour.  The  use  of 
a  lime  salt  here  does  not  appear  to  be  so  effective  as  with 
chromium  or  aluminium  mordants.  As  with  the  chrome 
black,  so  here  the  addition  of  a  yellow  colouring  matter  to 
the  dye-bath  is  necessary  in  order  to  obtain  a  dead-black ; 
■without  such  addition  a  ferrous  sulphate  black  possesses 
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a  bluish-violet,  hue.  The  addition  of  relatively  small  pro- 
portions of  Madder,  Sumach,  &g.,  aids  in  giving  a  fuller 
and  faster  black.  Sumach,  or  other  tannin  matter,  when 
used  alone,  is  incapable  of  giving  a  black  on  wool  with 
ferrous  sulphate. 

When  dyeing  unspun  wool  or  yarn  it  is  preferable  to 
use  a  freshly-made  decoction  of  Logwood,  or  a  good  com- 
mercial Logwood  Extract,  in  order  to  keep  the  material 
clean  and  free  from  ground  dyewood,  since  this  would 
interfere  in  the  carding. 

The  ferrous  sulphate  blacks  become  red  if  spotted 
with  strong  mineral  acid,  and  are  thus  readily  dis- 
tinguished from  chrome  blacks.  They  bear  the  action  of 
scouring  and  milling  satisfactorily,  and  withstand  the 
action  of  light  better  than  the  clu'ome  blacks.  Experi- 
ment proves  that  with  regard  to  fastness  against  light  a 
simple  copper  sulphate  black  is  the  best,  so  that  the  use 
of  copper  sulphate  along  with  the  ferrous  sulphate  or 
potassium  dichromate  is  distinctly  beneficial.  The  use 
of  alum  is,  on  the  contrary,  detrimental  in  this  respect. 
The  copper  sulphate  will  probably  also  aid  in  developing 
a  fuller  black  by  reason  of  its  oxidising  action  upon  the 
hsematoxylin. 

"When  employed  alone,  copper  sulphate  gives  greenish 
shades  of  blue,  having  a  slightly  speckled  appearance.  The 
best  proportions  to  employ  appear  to  be  5  per  cent,  of 
copper  suljDhate,  and  5  -5  per  cent,  of  tartar.  An  excess  of 
tartar  causes  the  shade  to  become  much  lighter.  With 
these  amounts,  and  varying  the  quantity  of  Logwood, 
a  series  of  shades,  ranging  from  pale  blue  to  black, 
may  be  obtained,  but  the  lighter  shades  have  a  distinct 
greenish  appearance  when  examined  overhand  not  ob- 
servable in  the  darker  shades. 

The  mordanting  and  dyeing  method  yields  the  deepest 
and  most  useful  shades.  The  addition  of  lime  salts  to 
the  dye-bath  is  only  slightly  beneficial. 

262.  Bonsor's  Black.— This  "direct  black,"  originated 
by  P.  Watinne-Delespierre  of  Lille,  consists  of  a  black 
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paste,  produced  by  precipitating  a  decoction  of  Logwood 
with  a  mixture  of  ferrous  and  copper  sulphate.  It  is 
applied  in  the  same  way  as  the  direct  chrome  black 
already  referred  to. 

Add  to  the  dye-bath  25 — 30  per  cent,  of  the  black 
paste,  and  about  2 — 3  per  cent  of  oxalic  acid.  The  wool 
is  dyed  at  100°  C.  for  1—2  hours. 

It  is  essential  that  the  solution  should  not  be  too 
acid,  or  it  will  not  yield  its  full  colouring  power.  The 
normal  colour  of  the  solution  is  dark-brown;  if  blue  or 
green  in  tint,  it  is  a  sign  of  the  presence  of  undissolved 
precipitate,  and  a  further  slight  addition  of  acid  must  be 
made. 

As  the  dyeing  proceeds,  the  solution  necessarily 
becomes  more  and  more  acid,  and  it  is  well  before  taking 
out  the  wool  to  add  a  small  quantity  of  sodium  carbonate, 
to  neutralise  the  excess. 

If  a  deeper  shade  is  wanted,  one  may  add  along  with 
the  black  paste  some  extract  or  decoction  of  Logwood. 
For  a  jet-black  or  dead-black  some  suitable  yellow  colour- 
ing matter  may  be  added  in  small  quantity,  e.g.,  Old 
Fustic  Extract,  <tc.  Such  additions,  however,  alter  the 
normal  colour  of  the  solution,  and  a  little  experience  in 
their  use  is  required. 

The  spent  dye  liquor  should  be  kept,  and  may  serve 
again  if  replenished  with  further  quantities  of  black  paste 
and  oxalic  acid- 
It  is  possible  to  use  this  black  along  with  other  so- 
called  acid-colours  for  the  purpose  of  obtaining  composite 
colours,  e.g.,  in  the  dyeing  of  unions. 

263.  Woaded  Blacks  are  obtained  by  first  dyeing  the 
wool  in  the  indig-o-vat  to  a  lisht  or  medium  shade  of 
blue,  then  washing  well,  and  dyeing  as  for  chrome  or 
ferrous  sulphate  blacks.  If  the  chrome-black  method  is 
selected,  it  is  advisable  to  make  the  addition  of  tartaric 
acid  to  the  mordanting  bath,  in  order  to  reduce  to  a 
minimum  the  oxidising  action  of  the  Vjichromate  of  potash, 
and  the  consequent  deterioration  of  the  indigo  blue. 
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264.  Logwood  Blues  (Wool). — These  are  much  em- 
ployed by  dyers,  in  order  to  imitate  an  indigo-vat  blue. 
They  are  often  combined  with  the  latter  by  first  dyeing 
the  wool  a  comparatively  light  blue  in  the  indigo- vat, 
and  then  intensifying  it  by  one  or  other  of  the  methods 
now  to  be  described. 

Logwood  blues  are  best  dyed  in  two  baths,  the  mor- 
dants employed  varying  in  composition  and  in  amount 
according  to  the  particular  tint  of  blue  which  it  is  desired 
to  obtain. 

One  method  is  as  follows  :  mordant  the  wool  for 
1 — \~  hours  at  100°  C.  with  4  per  cent,  of  aluminium 
sulphate,  4 — 5  per  cent,  of  cream  of  tartar;  wash  well, 
and  dye  in  a  separate  bath  for  1 — Ih  hour,  at  100°  C,  with 
15 — 30  per  cent,  of  Logwood,  and  2 — 3  per  cent,  of  chalk. 

By  increasing  the  amount  of  alum  and  tartar  the 
shade  is  made  redder.  The  addition  of  the  chalk,  or 
preferably  calcium  acetate,  to  the  dye-bath  is  very 
beneficial  if  the  water  employed  is  not  calcareous,  since 
it  tends  to  make  the  colour  level,  and  gives  richness  and 
considerable  intensity  to  the  blue.  When  calcium  acetate 
is  employed,  the  best  result  is  obtained  by  using  30  per 
cent,  of  the  weight  of  wool.  Some  dyers  imagine  that 
the  use  of  lime  salts  in  dyeing  has  only  a  temporary 
effect,  but  this  is  entirely  a  mistake  ;  indeed,  if  distilled 
water  and  Logwood  liquor  be  employed,  the  addition  of 
calcium  acetate  to  the  dye-bath  becomes  just  as  absolute  a 
necessity  for  the  production  of  a  good  full  colour  as  it 
is  for  alizarin-red.  The  colour  produced  with  aluminium 
mordants  is  not  fast  to  acids  or  to  light.  This  difference 
in  respect  of  fastness  to  light  with  the  different  mor- 
dants is  somewhat  remarkable.  A  somewhat  faster  colour 
is  obtained  by  using  along  with  the  alum  and  tartar 
0'5 — 3  per  cent,  of  bichromate  of  potash;  or,  better  still, 
one  may  mordant  entirely  with  3  per  cent,  of  bichromate  of 
potash  and  ]  percent,  of  sulphuric  acid,  168°  Tw.  (Sp.  Gr. 
1  '84).  If  it  is  desired  to  imitate  the  purplish  tint  of  a 
vat  indigo  blue,  one  may  then  add  to  the  dye-bath,  along 
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'wdth  tlie  Logwood,  a  small  proportion  of  Gallein,  Alizarin, 
Gallocyaiiin,  &:c.  Another  method  of  imparting  this 
purplish  ^'  bloom  "  is  to  add  0-5 — 1  per  cent,  of  tin  crystals 
(SnCl2"2H20)  at  the  end  of  the  dyeing  operation. 

The  briijlitest  Losn^vood  blues  are  obtained  bv  dyeinoj 
at  a  temperature  somewhat  below  the  boil  (90°  C).  Pro- 
longed boiling  tends  to  dull  the  colour. 

265.  Logwood  Purples  (Wool). — These  are  now 
seldom  used.  They  may  be  obtained  by  mordanting 
the  wool  with  6  per  cent  of  tin  crystals  (SnClo"2H20), 
or  its  equivalent  of  muriate  of  tin,  with  the  addition  of 
9  per  cent  of  cream  of  tartar,  and  dyeing  in  a  separate 
bath,  with  30  per  cent,  of  Logwood.  The  addition  of 
chalk  or  calcium  acetate  to  the  dye-bath  in  this  case 
is  injurious^  since  it  makes  the  colour  greyer  and  less 
intense. 

266.  Application  to  Silk. — The  black  dyeing  of  silk 
has  increased  to  such  an  enormous  extent,  that  some,  and 
even  yery  large,  establishments  are  exclusively  devoted 
to  it  Judged  fi'om  the  teclinical  standjx»int,  it  must  be 
admitted  that  this  branch  has  reached  a  high  standard 
of  excellence,  although,  on  the  other  hand,  it  is  to  be 
regretted  that  the  practice  of  weighting  silk,  which,  in 
the  case  of  black,  may  reach  as  high  as  400  per  cent, 
has  been  so  much  developed.  From  100  kilos,  of  raw-silk 
the  dyer  produces  500  kilos,  of  black  silk  !  The  primary- 
object  is  to  increase  the  volume  of  the  silk  fibre,  which 
swells  up  very  considerably,  losing,  of  course,  its  strength 
proportionally.  Tlie  other  valuable  properties  of  silk 
are  also  more  or  less  deteriorated,  and  the  illusory  gain 
of  the  buyer  is  that  he  requires  to  pay  less  for  one  and  the 
same  sui'face  of  silk  material  This  is  not  the  place  to 
combat  the  arguments  brought  forward  by  the  manufac- 
turer in  favoui'  of  weighting  silk,  but  it  may  be  fairly 
maintained  that  the  advantages  gained  are  bought  too 
dearly,  and  the  durability  of  weighted  silk  is  certainly 
too  much  diminishecL 

The   production  of  black  on  silk  consists   in   alter- 
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riating  treatments  with  iron  mordant  and  tannin  matters, 
with  or  without  a  Prussian  Blue  basis. 

According  to  Messrs.  Gillet  and  Son,  the  present 
methods  of  dyeing  black  silk  may  be  classified  as 
follows : — 

A.  Black  on  boiled-off  Silk,  5 — 15  per  cent.  loss. 

I. — Black  for  Hat  Flush. 

1.  Mordant  in  cold  nitrate-acetate  of  iron,  and 
wash. 

2.  Dye  in  a  decoction  of  Logwood  and  a  sufficiency 
of  Old  Fustic  Extract.  As  a  rule,  1 — 2  per  cent,  of 
coj)per  acetate,  and  5 — 10  per  cent,  of  ferrous  sulphate, 
are  added  to  this  bath. 

3.  Dye  again  in  a  decoction  of  Logwood  and  soap. 

4.  Brighten  in  a  bath  containing  a  little  oil. 

IL — Masson's  Black  for  Hat  Trimmings. — These  are 
exclusively  Parisian  goods,  and  of  limited  use.  The  silk 
is  boiled-ofF  in  soap  containing  Logwood  decoction,  by 
which  means  it  is  rendered  less  liable  to  felt.  It  is 
mordanted  in  a  solution  of  partially  oxidised  ferrous  sul- 
phate, with  addition  of  a  little  copper  acetate,  and  after- 
wards dyed  with  Logwood  and  soap. 

III. — English  Black. — Formerly  in  great  demand,  this 
black  is  now  of  minor  importance. 

1.  Mordant  with  basic  ferric  sulphate,  and,  after 
allowing  the  silk  to  lie  for  some  time,  wash  well  and  soap 
at  85°— 90°  C. 

2.  Dye  with  50  per  cent,  of  Old  Fustic,  10  per  cent, 
of  ferrous  sulphate,  and  2  per  cent,  of  copper  acetate. 

3.  Dye  with  Logwood  and  soap. 

4.  Brighten 

IV. — Black  for  Velvets. — The  same  method  as  for 
English  black  is  used,  but  dye  a  lighter-coloured  black. 
The  tone  of  colour  is  frequently  modified  by  giving  the 
silk  previously  a  dark  ground  of  aniline  violet  or  blue. 
Great  care  is  required  in  order  not  to  strip  ofi*  the  aniline 
blue. 
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B,  Black  on  boiled-off  Silk,  original  weight  or 

weighted  10  per  cent. 

V. — Lyons  Black  (dating  from  1860),  for  expensive 
articles. 

1.  Mordant  in  a  cold  strong  bath  of  basic  ferric  sul- 
phate, 50°  Tw.  (Sp.  Gr.  1*25),  once  only,  and  wash. 

2.  Soap  at  85°— 90°  C. 

3.  Dye  blue  with  15 — 20  per  cent,  of  potassium  ferro- 
cyanide  and  an  equal  weight  of  hydrochloric  acid. 
30°  Tw.  (Sp.  Gr.  1'15).  Add  the  hydrochloric  acid  in 
two  separate  portions. 

4.  Mordant  with  basic  ferric  sulphate,  and  wash. 

5.  Give  a  Catechu  bath,  60 — 100  per  cent,  at 
60°— 80°  C. 

6.  Mordant  in  a  cold  solution  of  alum  or  aluminium 
sulphate,  and  wash.  T>e  object  of  using  aluminium 
mordant  is  to  impart  ultimately  to  the  silk  a  violet  or 
blue-black  shade. 

7.  Dye  with  Logwood  and  soap.  If  the  shade  is  too 
violet,  a  little  Old  Fustic  is  added. 

8.  Brighten. 

VI. — Mineral  Black  (dating  from  1840). — This  is  a 
light  black,  not  so  fine  as  the  last,  and  is  used  for 
"  linings."  Mordant  with  basic  ferric  acetate,  and  wash; 
dye  Prussian  Blue ;  repeat  the  mordanting  with  iron. 
Prepare  with  Catechu  (100  per  cent.)  at  80°  C.  Dye 
with  Logwood  and  soap.     Brighten. 

C.  Black  on  boiled-off  Silk,  weighted  20 — 100 

per  cent,  (heavy  black). 

VII. — This  black  is  dyed  on  organzine  and  tram  for 
satins,  sarcenets,  tafietas,  &c. 

1.  Mordant  Avith  basic  ferric  sulphate,  then  soap. 
Bepeat  these  operations  1 — 8  times,  according  to  the 
amount  of  weighting  necessary. 

2.  Dye  blue ;    the  propoitions   of   potassium   ferro- 
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cyanide   and  liyckocLloric   acid  vary    according   to    the 
amount  of  fen'ic  oxide  fixed  on  the  silk. 

3.  Give  a  Catechu  bath  (100 — 150  per  cent.),  mth 
the  addition  of  10 — 15  per  cent,  stannous  chloride,  at 
60^—80^  C. 

The  employment  of  stannous  chloride  in  weighted 
black-silk  dyeing  has  been  of  the  gi'eatest  impor- 
tance, since  it  facilitates  the  fixing  of  the  Catechu  to  a 
sui'prising  degree,  through  the  formation  of  a  tannate  of 
tin. 

4.  Give  a  second  bath  of  Catechu  (100 — 200  per 
cent,).  This  is  fijced  on  the  silk  only  by  the  action  of 
the  tin  mordant  present. 

5.  Mordant  with  pyrolignite  of  iron. 

6.  Dye  "with  Log^vood  and  soap. 

7.  Brighten. 

Blue  shades  of  black  are  obtained  by  repeating 
operations  5,  4,  6,  in  the  order  given,  four  times. 
The  only  factoi*s  which  aftect  the  limitation  of  weighting 
are  the  strength,  elasticity,  and  lustre  of  the  silk  itself. 
A.S  a  rule,  boiled-off  organzine  is  weighted  to  60 — 70 
per  cent.,  and  boiled-off  tram  to  100  per  cent. 

D.  Heavy  Black,  weighted  to  400  per  cent 

VIII. — This  is  used  for  fringes  and  the  fancy  articles 
of  Paris  and  Lyons  ;  also  for  the  tram  silk  for  satin, 
cheap  ribbons,  &c. 

The  raw-silk  is  dyed  by  working  it  alternately  in 
chestnut  extract  and  pyrolignite  of  ii'on.  By  repeating 
these  operations  fifteen  times,  the  silk  is  weighted  to  about 
400  per  cent.  The  final  processes  consist  of  brightening 
operations  with  10 — 20  per  cent,  of  olive-oil.  In  the 
first  chestnut  extract  bath,  ti-am  is  soupled  by  raising 
the  temperature  of  the  bath  sufficiently  to  soften  the  silk- 
glue.  Different  qualities  of  silk  requii-e  slightly  different 
treatment.  Bengal  silk  souples  easily ;  Chinese  silk  less 
readily  than  European  silk. 
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E.  Fixe  Black  Souples. 

IX. — The  finest  souples  are  always  obtained  by 
using  wai;b&  as  soft  as  possible,  Kke  that  of  the  Gier  at 
Saint-Chamond- 

1.  Mordant  with  basic  ferric  sulphate. 

2.  Give  a  soda  bath  at  30°— 40°  C.  TJse  50  per 
cent  of  carbonate  of  soda  crrstals. 

3.  Dye  blue  with  potassium  ferrocyanide. 

4.  Souple  by  working  in  a  bath  of  gall-nuts,  dividivi, 
or  other  similar  tannin  matter.  Heat  the  bath  to 
90° — 95^  C,  for  1 — 3  hours,  according  to  the  kind  of 
^Ik.  Experience  alone  enables  the  workman  to  judge 
when  the  softening  or  soupling  is  sufficient. 

5.  Leave  the  silk  in  Is"©.  4  bath  until  cold,  and  then 
add  5 — 15  pa*  ooit.  of  stannous  chloride  crystals. 

e.  Give  a  soap  bath  at  30°— 35°  G,  with  60—80 
per  oQit.  of  soap. 

7-  Britten  with  5 — 15  per  cent  of  oiL 
A  single  iron  bath  gives  40 — 50  per  cent,  of  weighting 
(light  souple) ;  two  baths  give  60 — 70  per  cent.  ;  three 
give  80  per  cent  ;  four  give  80 — 100  per  cent. 

F.  Black  on  PlAW-Silk. 

X. — This  is  seldom  dyed.  In  order  to  retain  the  stiff- 
ness of  the  silk,  the  silk-glue  is  not  softened,  the  number  of 
opoations  is  as  limited  as  possible,  and  the  various  baths 
are  used  at  a  low  temperature.  Tlie  process  consists  of 
■working  the  silk  in  baths  of  ferric  salt,  then  in  decoctions 
<rf  Liogwood,  and  Old  Fustic. 

Tbe  mode  of  fixing  iron  mordants  on  silk  has  been 
already  explained  {see  p.  184). 

For  boiled-off  silk  the  potassium  ferrocyanide  baths 
9xe  employed  at  a  tempera tui'e  of  55° — 60°  C,  because 
die  formation  of  Prussian  Blue  would  otherwise  proceed 
only  very  slowly,  creeping,  as  it  were,  from  the  periphery 
to  ihe  centre  of  the  fibre.     For  souple  silks,  however,  it 


Chap.  XIII]  LOGWOOD.  337 

is  necessary  to  use  cold  baths.  Only  a  portion  of  the 
requisite  hydrochloric  acid  is  at  first  added,  in  order  to 
avoid  dissolving  off  any  basic  ferric  sulphate. 

The  relative  proportions  of  Logwood  decoction  and 
soap  employed,  vary  according  to  the  black  which  it 
is  desired  to  obtain.  The  usual  quantities  may  be  taken 
as  50  per  cent,  of  soap  and  100  per  cent,  of  Logwood ;  the 
mixture  is  employed  as  a  rule  only  for  boiled-ofF  silk. 
The  temperature  of  the  dye-bath  varies  from  50° — 90°  C. 

The  operation  of  brightening  is  intended  to  restore 
the  soft  feel  and  lustre,  which  have  been  greatly  de- 
stroyed by  reason  of  the  large  amount  of  foreign  matter 
with  which  the  silk  has  become  encrusted.  For  boiled- 
ofF  silk  there  is  used  about  1 — 2  per  cent,  of  olive  oil ;  for 
souples  5 — 15  per  cent. ;  and  for  fringes,  &c.,  5 — 20  per 
cent.  The  oil  is  made  into  an  emulsion  with  carbonate 
of  soda  at  60° — 70°  C,  or  with  caustic  potash  or  soda  in 
the  cold,  and  then  immediately  mixed  in  the  bath  with 
water.  The  silk  must  be  worked  in  the  mixture  at  once, 
i.e.,  before  any  separation  of  the  oil  can  take  place. 
"Very  often  an  addition  is  made  of  40 — 60  per  cent,  of 
citric,  tartaric,  or  acetic  acid  ;  seldom  hydrochloric  acid. 
The  bath  should  taste  slightly  sour. 

After  each  mordanting  or  dyeing  operation,  the 
general  rule  is  to  wash  thoroughly,  and  then  to  remove 
the  excess  of  water  in  a  hydro-extractor,  in  order  not 
to  dilute  the  succeeding  baths. 

The  usual  duration  of  each  operation  varies  from  one 
to  two  hours,  but  in  the  tannin  baths  the  silk  should 
remain  longer;  it  is  frequently  left  steeping  in  them 
over-night. 

The  black  dyeing  of  Tussur  silk  is  a  difficulty  not  yet 
completely  overcome.  The  shades  are  not  satisfactory, 
and  the  fibre  becomes  covered  with  metallic-looking  spots. 
Tussur  silk  is  not  readily  weighted,  and  does  not  absorb 
the  iron  mordants  well.  According  to  Moyret,  the  follow- 
ing process  gives  good  results  : — 

1.  Boil-ofF  with  dilute  caustic  soda. 
w 
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2.  Mordant  once  or  twice  in  basic  ferric  sulphate,  and 
fix  by  means  of  a  bath  of  weak  caustic  soda. 

3.  Dye  with  potassium  ferrocyanide. 

4.  Prepare  with  a  weak  chestnut  extract  bath. 

5.  Mordant   with    pp-olignite    of   iron,    and   repeat 
operations  4  and  5. 

6.  Brighten  with  6 — 8  per  cent.  olive-oiL 


CHAPTER    XIY. 

RED    COLOURING    MATTERS. 
BRAZILWOOD,    PEACHWOOD,    LIMAWOOD. 

SB?.  These  dyewoods  are  obtained  from  various  species 
of  Ccesalpinia.  Their  dyeing  properties  are  similar,  and 
owing  to  the  fugitive  character  of  the  colours  they  yield, 
they  are  now  employed  in  dyeing,  only  to  a  compara- 
tively limited  extent,  chiefly  for  the  purpose  of  modi- 
fying the  shade  of  colours  mainly  derived  from  other 
sources. 

268.  Application  to  Cotton. — With  aluminium  mor- 
dants comparatively  dull  bluish-red  colours  are  obtained. 
Work  the  cotton  in  a  decoction  of  tannin  matter,  then  in 
a  cold  solution  of  more  or  less  basic  aluminium  sulphate. 
Wash  and  dye  in  a  fresh  bath  at  a  low  temperature, 
with  a  decoction  of  the  dyewood. 

The  stannic  mordants  yield  brighter  and  more  orange- 
toned  reds.  Scarlet  may  be  obtained  by  mordanting 
with  aluminium  and  stannic  salts,  and  dyeing  afterwards 
with  the  addition  of  some  yellow  colouring  matter  to  the 
dye-bath,  e.g.,  Old  Fustic. 

With  iron  mordants  these  dyewoods  give  violet-grey 
colours.  By  using  a  mixture  of  aluminium  and  iron 
mordants,  and  by  adding  a  small  proportion  of  Logwood 
to  the  dye-bath,  dark  purple  or  "plum"  colours  are 
obtained. 
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The  colours  are  not  fast  to  so;ip.  The  fastest  are 
those  in  which  the  mordant  is  fixed  by  the  aid  of  tannic 
acid. 

239.  Application  to  Wool. — In  wool  dyeing  these 
dyewoods  are  generally  emplo^^ed  along  with  other  dye- 
woods,  for  producing  brown  colours,  which  cannot,  how- 
ever, be  regarded  as  fast  or  permanent. 

The  most  useful  mordant  for  wool  is  hicliromate  of 
potash.  By  mordanting  with  3  per  cent,  of  bichromate 
of  potash,  then  washing,  and  dyeing  in  a  separate  bath, 
with  small  amounts  of  dyewood,  a  purplish  slate  colour 
is  obtained  ;  with  large  amounts  a  claret-brown  is  pro- 
duced. The  addition  of  sulphuric  or  tartaric  acid  to  the 
mordanting  bath  is  not  beneficial ;  it  makes  the  colour 
redder.  The  addition  of  3 — 5  per  cent,  chalk  or  calcium 
acetate  to  the  dye-bath  makes  the  shade  bluer. 

A  bluish-red  colour  is  obtained  by  mordanting  the 
wool  with  6  per  cent,  of  aluminium  sulphate  and  5  per 
cent,  of  cream  of  tartar,  then  washing,  and  dyeing  in  a 
separate  bath  for  -1—1  hour  at  80^—100"  C.  with  40— 
60  per  cent,  of  dyewood.  Still  bluer  shades  are  pro- 
duced by  adding  to  the  dye-bath  towards  the  end  of  the 
dyeing  operation  a  little  ammonia.  The  addition  of 
2 — 6  per  cent,  chalk  or  6 — 12  per  cent,  calcium  acetate 
to  the  dye-bath  is  very  beneficial ;  it  makes  the  shade 
bluer  and  more  intense.  Brighter  shades  of  red  are 
obtained  by  adding  to  the  mordanting  bath  1  per  cent,  of 
stannous  chloride,  and  a  small  percentage  of  some  yellow 
colouring  matter,  e.g.,  Old  Fustic,  Flavin,  &c.  The 
addition  to  the  dye-bath  of  skimmed  milk  or  a  solution 
of  gelatin  in  moderate  quantity  is  beneficial ;  it  combines 
with  and  renders  insoluble  and  inert  the  tannin  matters 
present  in  the  wood,  thus  enabling  one  to  obtain  some- 
what brighter  shades.  The  single  bath  method  gives 
fairly  satisfactory  results,  the  colour  being  paler,  but 
more  brilliant  than  by  the  mordanting  and  dyeing 
method.  Use  4  per  cent,  of  aluminium  sulphate,  with 
addition  of  2  per  cent,  potassium  oxalate. 


340  DYEING    OF    TEXTILE   FABRICS.  [Chap.  XIV. 

Although  the  employment  of  stannous  chloride  as, 
the  mordant  yields  bright  reds  when  it  is  used  in  small 
proportion  (say  2 — 4  per  cent,  of  stannous  chloride  with 
4  per  cent,  of  tartar),  it  requires  the  addition  of  too  much 
tartar  (30 — 40  per  cent.)  to  give  a  really  good  colour. 
Stannic  chloride  also  gives  bright  reds,  but  here,  too,  the 
amount  of  tartar  required  is  abnormally  large — use,  say, 
stannic  chloride  equivalent  to  4  per  cent.  SnCl2'2HoO 
and  32  per  cent,  of  tartar.  With  tin  mordants  the  addi- 
tion of  lime  salts  to  the  dye-bath  is  injurious. 

Cojyper  sulphate  as  the  mordant  gives  drab  or  claret- 
brown  shades,  according  to  the  amount  of  colouring 
matter  employed.  Use  4  per  cent,  of  copper  sulphate. 
The  addition  of  tartar  is  not  beneficial.  The  addition  of 
calcium  acetate  or  chalk  to  the  dye-bath  is  beneficial. 

Ferrous  sulphate  as  the  mordant  gives  dark  slate  and 
claret.  Use  2 — 5  per  cent,  ferrous  sulphate,  and  4 — 8 
per  cent,  tartar.  The  addition  to  the  dye-bath  of  8  per 
cent,  or  more  calcium  acetate  or  chalk  is  essential. 

270.  Application  to  Silk. — These  dyewoods  are  now 
no  longer  used  by  the  silk-dyer,  having  been  entirely  dis- 
placed by  the  coal-tar  colours. 

They  were  formerly  used  for  obtaining  crimson  shades. 

The  ordinary  method  was  to  mordant  the  silk  with 
alum,  and  dye  in  a  separate  bath  at  a  low  temperature  in 
a  decoction  of  Peachwood,  with  the  addition  of  a  little 
soap. 

Somewhat  brighter  and  faster  shades  were  obtained 
by  working  the  silk  aftei^vards  in  a  bath  containing 
nitro-muriate  of  tin,  and  finally  washing. 

Bright  crimsons  were  also  obtained  by  mordanting  the 
silk  with  stannous  chloride  and  tartar,  and  dyeing  after- 
wards with  a  decoction  of  Peachwood. 

CAMWOOD,  BARWOOD,  SANDERSWOOD. 

271.  These  dyewoods  are  obtained  from  certain  species 
of  Pier ocar pus  and  Baphia  ;  but  although  the  origin  of 
each  is  distinct,  and  the  colours  they  yield  vary  some- 
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what  in  tone,  their  general  dyeing  properties  are  so  similar 
that  it  will  be  most  convenient  to  consider  their  applica- 
tion in  dyeing,  together. 

They  are  principally  used  in  wool-dyeing,  in  conjunc- 
tion with  other  dye  woods — e.g.^  Logwood,  Old  Fustic,  &c. 
• — for  the  purpose  of  obtaining  various  shades  of  brown, 
olive,  drab,  &c.  In  cotton-dyeing  their  use  is  more  limited, 
while  in  silk-dyeing,  owing  to  the  great  insolubility  of 
their  colouring  principles  and  the  essential  exclusion  of  all 
ground  wood  from  the  dye-bath,  they  are  not  used  at  alL 

272.  Ajjplication  to  Cotton. — The  colours  produced 
on  cotton  are  moderately  fast  to  soap  and  weak  acids,  but 
not  to  light.  They  are  destroyed  by  hypochlorites,  and 
boiling  alkaline  solutions  rapidly  impoverish  them. 

With  aluminium  and  tin  mordants  (especially  the 
latter)  fairly  good  reds  can  be  obtained.  These  are 
rendered  bluer  by  the  action  of  soap  and  alkalis.  With 
iron  mordants  they  yield  dull  violet  colours. 

Barwood  is  chiefly  used  by  the  cotton-dyer  for  the 
purpose  of  obtaining  "  Barwood  red,"  sometimes  called 
"  mock  Turkey-red." 

The  cotton  is  worked  in  a  cold  solution  of  stannate  of 
soda,  4° — 6°  Tw.,  till  thoroughly  saturated,  wrung  out, 
and  then  worked  rapidly  and  for  a  short  time  in  dilute 
sulphuric  acid,  |^°  Tw.  Wash  well,  and  dye  with  about 
200  per  cent,  of  Barwood.  The  cotton  is  introduced  into 
the  dye-bath  cold,  the  temperature  is  then  gradually  raised 
to  100°  C,  which  is  maintained  for  an  hour  or  more.  By 
adding  a  small  quantity  of  sodium  carbonate  to  the 
dye-bath  (about  6  per  cent,  of  the  weight  of  Barwood)  the 
colouring  matter  is  somewhat  more  readily  extracted,  and 
a  fuller  but  slightly  duller  red  is  obtained. 

The  cotton  may  also  be  mordanted  by  working  either 
in  stannic  chloride  or  nitro-muriate  of  tin,  4° — 8°  Tw., 
wringing  out  and  passing  afterwards  into  a  cold  solution 
of  sodium  carbonate,  4°  Tw.,  and  washing. 

Very  good  results  are  obtained  by  fixing  the  stannic 
mordant  on  the  fibre  by  means  of  tannin  matters. 
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If  it  is  desired  to  mordant  witli  aluminium,  work 
the  cotton  in  cold  basic  aluminium  sul2:)hate,  4° — 6°  T\v., 
and  fix  by  means  of  phosphate  or  silicate  of  soda. 

Good  chocolate  or  violet  brown  shades  are  obtained 
by  mordanting  the  cotton  with  pyrolignite  of  iron, 
4° — 6"  Tw.,  then  passing  into  a  cold  dilute  solution  of 
ammonia,  and  afterwards  dyeing  with  Camwood  instead 
of  Barwood,  because  of  its  greater  solubility  and  colouring 
power. 

By  using  a  small  proportion  of  "red  liquor"  with  the 
iron  mordant  nice  reddish-brown  colours  are  obtained. 

273.  Application  to  ]Yool. — Bich  claret-brown  shades 
are  obtained  if  wool  is  mordanted  with  0*5 — 2  per  cent. 
bichromate  of  potash,  and  then  dyed  in  a  separate  bath 
with  40 — 80  per  cent,  of  dyewood.  Camwood  gives  the 
bluest  and  Sanderswood  the  yellowest  shades,  Barwood 
holding  an  intermediate  place  in  this  respect.  The 
colouring  power  of  Camwood  is  about  three  or  four  times 
stronger  than  that  of  the  other  woods. 

Owing  to  the  slight  soluVjility  of  the  colouring  matter 
of  these  dyewoods,  they  are  extremely  well  adapted  for 
the  "  stuffing  and  saddening "  method  of  dyeing,  with 
this  and  other  mordants. 

The  wool  is  boiled  for  1 — 2  hours  with  40 — 80 
per  cent,  of  dyewood,  by  which  it  acquires  a  very  full 
brownish-red  colour.  It  is  then  boiled  either  in  the 
same  or  preferably  in  a  separate  bath,  with  2  per  cent. 
of  bichromate  of  potash  for  half  an  hour. 

The  shades  thus  produced  are  all  deeper  and  bluer 
than  those  obtained  by  the  mordanting  and  dyeing 
method  ;  especially  is  this  the  case  wdth  Camwood,  which 
yields  quite  a  purplish  colour.  By  whichever  method 
Camwood  is  applied,  the  addition  of  sulphuric  acid  either 
to  the  mordant  or  dye-bath  is  injurious.  In  practice  it 
is  certainly  added  to  the  stuffing  bath,  but  its  office  is 
probably  to  neutralise  the  alkalinity  of  the  scoured  wool 
or  of  the  calareous  water. 

With  aluminium  mordant  and  employing  the  "  mor- 
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danting  and  djeing"  method  a  dull  brownisli-red,  very- 
similar  to  a  Madder  red,  is  obtained. 

Mordant  the  wool  with  1 — 6  per  cent,  of  aluminium 
sulphate  with  2 — 8  per  cent,  of  tartar ;  wash  and  dye  in 
separate  bath  for  1^—2  hours  at  100°  C.  with  40—60 
per  cent,  of  Camwood.  With  the  smaller  amounts  of 
mordant  indicated,  the  red  produced  approaches  in  tone 
of  colour  that  given  by  boiling  the  wool  with  Camwood 
without  any  previous  mordanting,  being  only  slightly 
bluer.  By  using  the  larger  amounts  of  mordant  the 
colour  is  lighter  and  yellower. 

The  best  method,  however,  of  applying  the  alumi- 
nium mordant  is  that  of  "  stuffing  and  saddening  " ;  first, 
boil  the  wool  with  Camwood  (20 — 80  per  cent.),  and 
afterwards  with  10  per  cent,  of  aluminium  sulphate  in  a 
separate  bath.  The  reds  thus  produced  are  brighter, 
bluer,  fuller,  and  more  level  than  those  obtained  by  the 
*'  mordanting  and  dyeing  "  method.  Even  w^hen  such  a 
small  amount  as  10  per  cent,  of  Camwood  is  employed, 
the  pink  produced  is  perfectly  level. 

Camwood  gives  the  deepest  and  bluest  shade  of  red. 
Barwood  and  Sanderswood  give  yellower  and  brighter 
reds,  those  of  Sanderswood  possessing  the  yellowest  tone. 

Somewhat  brighter  and  more  bluish  shades  of  red  are 
obtained  by  mordanting  with  0"5 — 1  per  cent,  stannous 
cldoride  and  2 — 16  per  cent,  tartar,  instead  of  w^ith  alum 
and  tartar,  and  dyeing  afterwards.  The  colours,  how- 
ever, lack  intensity.  An  excess  of  mordant  either  dis- 
charges the  colour  or  gives  dull-brown  shades. 

The  amount  of  tartar  required  in  the  foregoing  method 
in  order  to  give  the  best  result  is  too  large  to  admit  of 
its  adoption  in  practice.  The  "  stuffing  and  saddening  " 
method,  however,  gives  even  better  results.  Boil  with 
the  requisite  amount  of  dyewood  and  sadden  in  a  sepa- 
rate bath  with  1 — 4  per  cent,  stannous  chloride.  The 
addition  of  tartar  in  this  case  is  not  beneficial.  The 
colours  obtained  are  fuller,  bluer,  and  more  level  than 
those  given  by  the  first  method. 
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By  far  the  brightest  and  richest  reds  obtainable  from 
these  dyewoods  are  those  produced  when  a  stannic  salt 
is  employed  as  the  mordant,  but  the  amount  of  tartar 
which  must  also  be  added  in  order  to  mordant  the  wool 
sufficiently  is  so  excessive  as  to  exclude  its  being 
adopted  in  practice.  By  mordanting  wool  for  \\ — 2 
hours  at  100°  C.  with  4 — 8  per  cent,  of  stannic  chloride 
solution  (Sp.  Gr.,  1-6°)  and  40 — 160  per  cent,  of  tartar, 
then  washing  and  boiling  1 — 2  hours  with  40 — 80  per 
cent,  of  barwood,  one  obtains  a  bluish-red  or  crimson, 
very  similar  in  shade  to  a  peach  wood  and  alum  red,  and 
certainly  very  much  brighter  and  bluer  than  a  madder 
and  alum  red.  By  reducing  the  amount  of  tartar  the  colour 
becomes  yellower  and  lacks  brilliancy  and  intensity.  With 
this  mordant  Camwood  gives  a  more  intense  red,  having 
a  purplish  shade  ;  Sanderswood  gives  a  yellower  red. 

Unfortunately  none  of  the  reds  obtainable  from  these 
dyewoods  withstand  the  action  of  light  well ;  a  year's 
exposure  suffices  to  bleach  them  entirely. 

Copper  sulphate  is  frequently  used  as  a  saddening 
agent  with  these  dyewoods.  The  best  results  are  obtained 
by  saddening  with  8  per  cent,  of  copper  sulphate.  The 
colour  given  with  40 — 80  per  cent,  of  Camwood  is  a  good 
claret-brown. 

Very  different  in  colour  are  the  bluish-reds  obtained 
by  mordanting  with  2  per  cent,  of  copper  sulphate  and  7 
— 8  per  cent,  of  tartar,  and  dyeing  in  a  separate  bath. 

When  ferrous  sulphate  is  used  as  the  mordant  the 
best  results  are  also  obtained  by  the  "  stuffing  and  sad- 
dening" method.  Sadden  with  5  per  cent,  of  ferrous  sul- 
phate. Good  full  purplish  shades  are  produced  similar 
to  those  obtained  by  using  bichromate  of  potash.  By 
mordanting  with  5  per  cent,  of  ferrous  sulp];ate  and  0 — 
12  per  cent,  of  tartar,  good  claret-browns  are  obtained. 

MADDER. 

274.  This  dye-stuff,  which  consists  of  the  ground  dried 
roots  of  Ruhia  tinctorum,  was  formerly  one  of  the  most 
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valued  and  most  largely  employed.  It  has  now  been 
more  or  less  entirely  displaced  by  the  coal-tar  derivative 
Alizarin  and  allied  colouring  matters. 

275.  Apjolication  to  Cotton. — Madder  and  its  commer- 
cial preparation  Garancine,  were  formerly  used  by  the 
cotton  dyer  for  the  purpose  of  obtaining  the  red  colour  so 
well  known  as  Turkey-red,  a  colour  remarkable  for  its 
great  brilliancy  and  fastness  both  to  light  and  to  boil- 
ing alkaline  solutions.  The  chief  interest  attaching  to 
Turkey-red  is  the  characteristic  preparing  of  the  cotton 
with  oil  previous  to  mordanting  and  dyeing,  and  to  this, 
indeed,  it  owes  its  special  qualities.  The  disi:>lacement 
of  Madder  by  Alizarin  in  Turkey-red  dyeing  has  not 
necessarilv  brought  about  anv  material  chansjes  in  the 
mode  of  cariying  out  this  preliminary  oiling  process,  so  that 
the  Emulsion  and  Steiner's  processes  {see  pp.  427,  438) 
may  be  taken  as  representing  essentially  the  method  of 
dyeing  Turkey-red  adopted  in  the  days  when  Madder  was 
employed,  substituting  merely  an  equivalent  amount  of 
ground  Madder  for  the  Alizarin. 

276.  Apjjlicatioi  to  Wool. — ^Vhen  wool  is  boiled  ^\T.th 
Madder  it  acquires  a  pale  browTi  or  drab  colour,  and 
although  this  can  only  be  considered  a  stain,  this  simple 
method  of  application  has  been  adopted  in  practice. 

By  mordanting  the  wool  previously  with  3  per  cent. 
oihichromate  of  potash^  good  reddish-browns  are  obtained. 
The  addition  of  1  per  cent,  of  sulphuric  acid,  or  9  per  cent. 
of  tartaric  acid,  gives  a  darker  colour.  By  the  "  single- 
bath  method  "  fairly  good  colours  are  obtained  ;  they  are, 
however,  yellower  and  not  so  deep  as  those  yielded  by  the 
ordinary  method. 

For  red,  the  wool  is  mordanted  with  aluminium  sul- 
phate  and  tartar,  and  dyed  with  Madder  in  a  separate 
bath. 

Mordant  the  wool  with  6 — 10  per  cent,  of  aluminium 
sulphate  and  5 — 8  per  cent,  of  tartar.  Dye  with 
60 — 80  per  cent  of  Madder.  Begin  the  dyeing  at 
40°  C,  and  raise  the  temperature  of  the  bath  gradually 
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to  80° — 100°  C.  in  the  course  of  one  hour,  and  continue 
the  dyeing  about  one  hour  longer.     Wash  and  dry. 

The  shade  thus  produced  is  a  brownish-red.  It  may 
be  made  considerably  brighter,  and  of  an  orange  tone,  by 
adding  a  small  proportion  of  stannous  chloride  solution 
along  with  the  aluminium  sulphate  and  tartar  ;  or  instead 
of  this^  the  stannous  chloride  may  be  added  to  the  dye- 
bath  towards  the  end  of  the  operation. 

The  gradual  raising  of  the  temperature  of  the  dye- 
bath  is  essential  in  order  to  develop  the  full  colouring 
power  of  the  Madder.  If  the  bath  is  allowed  to  cool 
considerably  or  frequently  during  the  progress  of  the 
dyeing,  even  though  the  correct  temperature  is  con- 
tinually re-established,  there  is  a  loss  of  colouring  power. 
If  the  water  or  ]Madder  used,  is  deficient  in  lime, 
brighter  and  fuller  shades  are  obtained  by  an  addition 
to  the  dye-bath  of  1 — 2  per  cent,  (of  the  weight  of 
Madder  employed)  of  ground  chalk,  or  acetate  of  lime. 

This  addition  is  useful  with  Dutch  and  Alsatian 
madders,  since  these  are  naturally  deficient  in  lime. 
The  addition  too  of  a  small  proportion  of  tannin  matter 
alonor  with  the  Madder  serves  to  exhaust  the  bath  more 
fully  and  to  give  deeper  shades.  Add  Sumach,  say,  to  the 
amount  of  one-tenth  of  the  weight  of  Madder  employed. 
Avoid  an  excess,  since  it  gives  a  poor  weak  colour. 

Brighter  shades  are  obtained  by  employing  the  lower 
temperature  given  (80°  C.)  and  prolonging  the  dyeing 
process,  because  in  this  case  the  yellow  and  fawn-coloured 
principles  of  the  Madder  are  not  so  readily  fixed. 

After  dveing  and  washing;,  the  colour  mav  be  made 
somewhat  brighter  by  working  the  wool  for  a  short  time 
at  70°  C.  in  a  bath  containing  either  a  small  proportion  of 
soap  solution,  or  of  a  decoction  of  bran. 

With  thick  woollen  materials  it  happens  sometimes 
that  the  colour  does  not  penetrate  sufficiently.  To  over- 
come this  defect  it  is  usual  to  add  a  small  portion  of 
Madder  to  the  mordanting  bath,  so  that  at  least  some  of 
the  colouring  matter  of  the  Madder  may  penetrate  to  the 
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centre  of  the  fabric  before  it  is  precipitated  and  fixed  by 
the  mordant.     It  is  quite  possible,  indeed,  to  dye  lioht 
shades  with  the  Madder  and  mordant  in  the  same  bath 
but  this  method   is   not   applicable   if  the   fullest   and 
richest  colours  are  required. 

Under  the  most  favourable  conditions  a  Madder  red 
on  wool  is  by  no  means  brilliant,  and  not  to  be  compared 
m  this  respect  with  Cochineal  scarlet.  It  is,  however  a 
tast  and  permanent  colour,  and  withstands  the  action  of 
light  and  milling  with  soap  extremely  well. 

Since  the  introduction  of  artificial  Alizarin,  fast  reds 
should  be  dyed  with  this  colouring  matter  in  preference  to 
Madder,  since  brighter  colours  are  obtained  at  a  less  cost 

Wool  mordanted  with  8  per  cent,  of  stannous  chloride 
and  4  per  cent,  of  tartar,  and  dyed  in  a  separate  bath 

cent   fenOl  2YL,0  and  2  per  cent,  tartaric  acid. 

_   VVith  copper  sulphate  and  tartar,  brown-colours  are  ob- 
tained ;  with  ferrous  sulphate  and  tartar,  darker  browns 
Usetwo-bathmethod;  single-bathmethodisalso applicable 
^77.  ^;^;^W^on^o^^7^^— Notwithstanding  the  ^ene. 
ral  fastness  of  the  colours  produced  by  Madder,  olin. 

ma^^^^r  -fk^S^  ''^  ^^— ^^  -P-ti.ely 
:For  red  the  silk  is  morcWted  as  usual  with  alum  by 
steeping  over-mght  m  a  cold  concentrated  solution.  Wash 
weJ  and  dye  in  a  separate  bath  with  50  per  cent  of 
finely  ground  Madder.  Begin  dyeing  at  a  low  tempera 
ture  and  raise  it  gi^adually  to  100°  C.  The  addition 
of  bran  to  the  bath  tends  to  give   brighter  colour"      Fo" 

add  to  the  dye-bath  a  small  percentage  of  Sumach.  After 
dyeing,  wash,  then  brighten  in  a  boiling  solution  of  soap 
to  which  a  small  percentage  of  stannous  chloride  has 
been  added,  and  wash  well. 

By  mordanting  with /errors  sulphate,  either  alone  or 
after  a  previous  mordanting  with  alum,  violet  and  brown 
shades  may  be  obtained. 
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COCHINEAL. 

278.  This  colouring  matter  consists  of  the  dried  insect 
Coccus  cacti,  largely  cultivated  in  Mexico. 

It  is  little  used  in  cotton-dyeing,  except  by  the  calico- 
printer.  Formerly  much  employed  in  silk-dyeing,  it  has 
now  been  almost  entirely  replaced  by  the  use  of  various 
aniline-reds,  while  in  wool-dyeing  since  the  introduction 
of  tlie  azo-reds  its  use  has  become  more  and  more  limited. 

279.  Application  to  wool. — Wool  mordanted  with  2 
per  cent,  of  bichromate  of  potash,  and  dyed  in  a  separate 
bath  with  Cochineal,  gives  a  good  purple  colour.  The  ad- 
dition of  sulphuric  acid  to  the  mordanting  bath,  even  to 
the  extent  of  3  per  cent,  of  H^SO^  168°  Tw.,  makes  the 
colour  darker. 

Two  different  shades  of  red  are  obtained  from  Cochi- 
neal, namely,  a  bluish  red,  called  crimson,  and  a  yellowish 
or  fiery  red,  called  scarlet. 

280.  Cochineal  Crimson  is  obtained  by  mordanting 
the  wool  with  4 — 8  per  cent,  aluminium  sulphate  and  5 
per  cent,  of  tartar,  and  dyeing  in  a  separate  bath  with 
8 — 15  per  cent,  of  Cochineal.  The  addition  of  lime  salts 
to  the  dye-bath  is  not  beneficial.  Fairly  good  shades  are 
obtained  in  a  single  bath  by  using  6  per  cent,  of  alumi- 
nium sulphate  and  4  per  cent,  of  oxalic  acid  or  6  per 
cent,  of  potassium  oxalate.  Cochineal  crimson  can,  how- 
ever, be  obtained  in  a  variety  of  ways. 

One  method  is  to  dissolve  about  5  per  cent,  of  alum,  and 
2  J  per  cent,  of  tartar  in  an  old  Cochineal-scarlet  bath,  and 
boil  the  wool  about  one  hour  in  it ;  then  dye  at  the  boil 
for  half  an  hour  in  a  separate  bath,  with  10 — 15  per  cent, 
of  Cochineal.  The  following  table  gives  the  proportions 
of  other  materials  which  may  be  employed  : 


No. 


1. 

Tartar, 
per  cent. 
6 

SnCls        SnClj 
(crystals)  (crystals) 
per  cent,    per  cent. 
3               3 

Alum, 
sulphate 
per  cent. 
10 

CochineaJ. 
per  cent. 
8  to  15 

Wool. 

100 

2. 
3. 

4 
1 

2             1-6 
0              1 

0 
5 

M 

M 
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Boil  1—1 1-  hour  with  the  mordants,  and  dye  in  a 
separate  bath  with  the  Cochineal  for  20 — 40  minutes  at 
100"  C. 

Good  crimsons  may  also  be  obtained  in  one  bath  by 
boiling  the  wool  for  i— |  of  an  hour  with  the  aluminium 
sulphate  and  tartar,  then  removing  it  temporarily  to  add 
the  ground  Cochineal,  boiling  a  few  minutes,  and  finally 
re-entering  the  wool  and  boiling  -| — |-  of  an  hour  longer. 
A  certain  proportion  of  the  colouring  matter  ahvays°re- 
mains  precipitated  in  the  bath  and  is  lost  by  this  method. 
In  order  to  modify  the  shade  of  crimson  and  make 
it  still  bluer,  a  small  amount  of  carbonate  of  soda  or 
liquid  ammonia  is  sometimes  added  to  the  dye-bath  towards 
the  end  of  the  dyeing  operation,  or  the  goods  are  washed 
in  water  and  made  slightly  alkaline  by  the  addition  of 
a  little  lime-water.     Other   modifications  of  shade   are 
obtained  by  adding  to  the  dye-bath  varied  proportions  of 
Ammoniacal  Cochineal,  Orchil,  or  Cudbear ;  these,  how- 
ever, produce  a  colour  which  is  not  so  fast  towards  light. 
Ammoniacal  Cochineal  is  frequently  used  along  with 
ordinary  Cochineal  for  the  production  of  rose-pinks,  i.e., 
bluish  shades  of  pinks. 

Cochineal  crimson  obtained  by  using  aluminium  mor- 
dant is  tolerably  fast  to  light,  and  also  to  milling  with 
soap  and  weak  alkaline  carbonates. 

281.  Cochineal  Scarlet— The  ingredients  generally 
used  in  obtaining  this  colour  are  Cochineal,  a  stannous 
salt,  and  cream  of  tartar,  or  oxalic  acid.  Two  distinct 
methods  for  its  production  maybe  adopted,  (1)  the  wool 
is  first  mordanted  with  the  stannous  salt  and  tartar,  and 
then  dyed  in  a  separate  bath  with  Cochineal;  (2)  the 
mordanting  and  dyeing  are  performed  simultaneously  in 
one  and  the  same  bath. 

First  Method. — Mordant   the  wool  for  1 11  hour 

with  6  per  cent,  of  stannous  chloride  (crystals)  and  5  per 
cent,  of  cream  of  tartar,  and  wash.  Dye  with  5—12  per 
cent,  of  ground  Cochineal  for  1  —  1|  hour.  In  order 
to  obtain  level  shades,  enter  the  wool  both  in  the  mor- 
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danting-  and  dye-bath  at  about  50°  C.  and  raise  the  tem- 
perature gi'-adually  to  the  boiling  point.  If  3  per  cent  of  the 
stannous  chloride  is  replaced  bj  its  equivalent  of  stannic 
chloride,  the  colour  is  yellower  and  more  brilliant  (Liechti). 
The  addition  of  lime  salts  to  the  dye-bath  is  injurious. 

Second  Method. — Fill  the  dye-bath  half  full  of  water, 
add  6 — 8  per  cent,  of  oxalic  acid,  6  per  cent,  of  stannous 
chloride,  and  5 — 12  per  cent,  of  ground  Cochineal  ;  boil 
up  for  5 — 10  minutes,  then  fill  up  the  dye-bath  with  cold 
water.  Introduce  the  woollen  material,  heat  up  the  bath 
to  the  boiling  point  in  the  course  of  | — 1  hour,  and  boil 
\  hour.  Potassium  oxalate  may  replace  oxalic  acid  ;  or 
one  may  use  with  advantage  the  mixture  of  stannous  and 
stannic  chloride  with  tartar  as  given  above. 

By  this  "  single-bath  method  "  the  dye-bath  is  not  ex- 
hausted as  in  the  fii-st  method  ;  a  portion  of  the  colouidng 
matter  always  remains  in  the  bath  in  combination 
with  the  mordant  as  a  yellowish  flocculent  precipitate. 
The  unexliausted  bath  may,  however,  be  utilised  for 
one  or  two  succeeding  lots  of  material,  by  merely  re- 
plenishing it  with  further  quantities  of  the  several  in- 
gredients. 

In  practice  many  modifications  have  at  one  time  or 
another  been  introduced  into  Vjoth  the  above  methods. 
In  the  first,  for  example,  the  mordant  has  been  divided, 
adding  a  portion  only,  to  the  actual  mordanting  bath,  and 
the  remainder  to  the  dye-bath  along  with  the  Cochineal, 
This  division  has  extended  either  to  both  tartar  and  stan- 
nous chloride  or  to  one  of  these  only.  Sometimes,  too, 
the  Cocliineal  has  been  divided,  a  small  proportion  being 
added  already  to  the  mordanting-bath.  Washing  between 
mordanting  and  dyeinsr,  not  being  absolutely  essential, 
has  been  omitted.  The  temperature  and  duration  of 
mordanting  and  dyeing  have  varied  greatly  ;  and  other 
stannous  and  stannic  salts,  with  the  addition  of  other 
assistants  than  tartar,  have  been  employed  The  changes 
rung  on  the  variations  possible  in  the  second  method 
have  been  almost  equally  numerous. 
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Comparing  the  two  methods,  experiment  shows  that, 
with  an  equal  expenditure  of  ingredients,  the  first  method 
gives  a  blue  shade  of  red  possessing  both  purity  and 
intensity  of  colour.  The  single-bath  method  gives  a 
yellower  and  more  brilliant  scarlet.  This  method  is  on 
the  whole  the  more  advantageous,  and  is  the  one  gene- 
rally adopted. 

When  the  single-bath  method  is  employed,  compara- 
tively little  difference  is  produced  by  di%i.ding  the  mordant 
and  reserving  a  portion  to  be  added  along  with  the  Cochi- 
neal during  the  second  period  of  the  process.  If  the 
addition  is  mainly  or  entirely  confined  to  the  first  or 
mordanting  period,  the  scarlet  obtained  is  slightly  more 
intense  and  yellower. 

Without  the  use  of  tartar  a  poor  bluish  shade  of  red 
would  be  obtained.  Addition  of  tartar  up  to  8  per  cent, 
increases  the  intensity  and  yellowness  of  the  colour. 

A  deficiency  of  tin  mordant  gives  also  a  dull  bluish- 
red,  while  an  excess  makes  the  scarlet  paler. 

As  a  rule,  stannous  chloride  is  not  employed  in  the 
crystalline  state — i.e.,  as  "tin-crystals" — but  in  the  form 
of  an  acid  solution,  namely,  as  "  double  or  single  muriate 
of  tin." 

The  presence  of  a  moderate  excess  of  free  hydrochloric 
acid  in  these  solutions  has  the  followino;  advantages  : — 

1.  The  mordant  is  thereby  rendered  less  sensitive  to 
decomposition,  and  is  better  able  to  penetrate  thick, 
closely-woven  or  hard-spun  material  before  any  deposition 
of  mordant  takes  place.  The  material  thus  becomes  more 
thoroughly  mordanted  throughout  its  mass,  the  ultimate 
colour  is  not  so  much  confined  to  the  surface,  and  the 
material  appears  dyed  through. 

2.  The  free  acid  present,  acts  beneficially  by  retaining 
the  coloured  lake  already  alluded  to  longer  in  solution, 
so  that  the  wool  acquires  a  deeper  shade  than  it  would 
otherwise. 

3.  The  presence  of  free  acid  in  the  dye-bath  is  abso- 
lutely essential,  when  a  calcareous  or  otherwise  alkaline 
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■water  is  employed,  unless  the  latter  is  previously  neu- 
tralised :  or  when  after  scouring  the  wool  with  weak  alka- 
line solutions  the  washing  has  been  insufficient.  Without 
the  free  acid,  the  mordant  would  be  precipitated  in  the 
bath  to  a  greater  or  less  deo^-ee,  according  to  the  alkalinity 
of  the  water,  and  the  scarlet  would  either  be  of  a  weak, 
dull-bluish  shade,  or  might  not  even  be  produced  at  all. 

In  dyeing  Cochineal  scarlet,  therefore,  an  acid  condition 
of  the  bath  is  essential  to  the  production  of  a  satisfactory 
colour.  A  large  excess  of  free  acid,  however,  must  be 
avoided,  otherwise  the  colour  lacks  intensity. 

Other  salts  of  tin,  known  as  Tin  Spirits,  Scarlet 
Spirits,  <$:c,  are  often  used  instead  of  those  ali-eady  given. 
The  first-mentioned  solution,  or  "  nitrate  of  tin,"  is 
much  used  by  dyers.  The  scarlet  it  yields  has  a  decided 
yellow  shade,  owing  probably  to  the  action  of  the  nitric 
acid  liberated  during  the  mordanting  process.  In  this 
respect,  therefore,  it  is  equivalent  to  an  extra  addition 
of  tartar. 

Although  stannic  chloride,  when  used  in  conjunction 
with  tartar  and  Cochineal,  yields  fairly  good  scarlets, 
these  cannot  compare  in  brilliancy  with  those  obtained  by 
the  use  of  a  mixture  of  stannous  and  stannic  chloride. 

The  presence  of  a  certain  amount  of  stannic  salt 
along  with  stannous  chloride  is  said  to  be  beneficial  in 
preventing  the  production  of  so-called  " tin  spots,"  i.e., 
dark-lookins:  or  almost  black  spots,  which  sometimes  occur 
in-egularly  throughout  the  scarlet-dyed  fabric.  These  spots 
consist  of  anhydrous  stannic  oxide,  produced  from  the 
hvdrate  sta,nnous  oxide  during  the  boihnsr.  The  use  of 
oxalic  acid  acts  beneficially  in  the  same  direction. 

In  order  to  obtain  bright  yellow  shades  of  scarlet,  it 
is  usual  to  add  a  small  proportion  of  some  yellow  colour- 
ing matter  along  with  the  cochineal  Flavin,  or  Young 
Fustic,  are  generally  used  for  this  purpose.  Persian 
Berries  are  occasionally  used,  but  they  are  more  expen- 
sive. 

Cochineal  red  on  wool  must  be  considered  as  very 
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fairly  fast  to  light.  Its  principal  defect  is  that  by  the 
action  of  weak  alkalis,  soap,  <fec.,  it  acquires  a  duller  and 
more  bluish  shade  of  colour.  Excessive  milliiig  must 
therefore  be  avoided  whenever  cochineal  red  is  present  in 
the  goods.  By  rinsing  the  goods  afterwards  in  water 
acidified  with  acetic  acid,  the  bright  tone  is  more  or  less 
restored.  Cochineal  is  always  preferable  to  an  Azo  Red 
for  dyeing  yarn  intended  to  be  woven  along  with  other 
white  or  delicately-coloured  yarns  in  goods  which  require 
to  be  scoured  or  milled.  Cochineal  red  does  not  "bleed" 
and  stain  the  neighbouring  fibres  like  the  Azo  reds. 

The  dye-baths  used  for  Cochineal  scarlets  should  be 
either  of  wood,  stone,  or  block-tin.  Iron  and  copper  ones 
should  be  rigorously  avoided,  since  the  acidity  of  the  bath 
causes  a  small  quantity  of  these  metals  to  be  dissolved, 
and  the  colour  produced  is  dull. 

A  piece  of  clean  block-tin  placed  in  a  copper  dye-bath 
obviates  this  defect,  no  copper  being  then  dissolved. 

Wool  mordanted  with  10  per  cent,  of  copj^er  sulphate^ 
and  dyed  in  a  separate  bath  with  Cochineal,  gives  a  red- 
dish-purple or  claret  colour.  The  addition  of  tartar  to 
the  mordanting  bath  is  not  beneficial. 

^ith.  ferrous  sulphate  as  the  mordant,  very  good  pur- 
plish-slate or  lilac  colours  can  be  obtained.  Mordant  with 
8  per  cent,  ferrous  sulphate,  and  20  per  cent,  tartar,  and 
dye  in  separate  bath.  In  single  bath  use  4  per  cent,  fer- 
rous sulphate  and  4  per  cent.  potassiuDi  oxalate. 

282.  Application  to  Silk. — Crimson.  Mordant  the 
silk  by  working  for  half  an  hour,  then  steeping  over-night 
in  a  concentrated  solution  of  alum.  Wash  well,  and  dye 
in  a  fresh  bath  containing  a  decoction  of  40  per  cent,  of 
Cochineal.  Enter  the  silk  at  a  low  temperature,  and 
heat  gradually  to  100°  C. 

Scarlet.  After  boiling- off  and  washing,  the  silk  is  first 
slightly  dyed  or  grounded  with  yellow,  by  working  it  for  a 
quarter  of  an  hour  at  50'^  C.  in  a  "sveak  soap  bath  contain- 
ing about  10  per  cent,  of  Annatto,  it  is  tlien  well  washed. 
For  darker  shades  of  yellow  use  no  soap,  and  dye  at  90°  C. 

X 
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Mordant  the  silk  by  working  it  for  half  an  hour  and 
then  steeping  it  over-night  in  a  cold  solution  of  40  per 
cent,  of  nitro-muriate  of  tin.  Wash  and  dye  in  a  fresh 
bath,  with  a  decoction  of  20 — 40  per  cent,  of  Cochineal, 
and  5 — 10  per  cent,  of  cream  of  tartar.  Enter  the  silk 
at  a  low  temperature,  and  heat  gi'adually  to  lOO"*  C 
Brighten  in  a  fi-esh  bath  of  cold  water,  slightly  acidified 
with  tartaric  acid.  Very  good  results  are  obtained  by 
adopting  the  method  found  most  adTantao;eous  in  wool- 
dyeing,  namely,  dyeing  in  a  single  bath  with  Cochineal, 
stannous  and  stannic  chloride,  with  addition  ot  tartar. 

With  the  use  of  iron  mordants  very  fine  shades  of  lilac 
may  be  obtained  on  silk,  with  Cochineal. 

283.  Lac-dye  Red  (Wool). — Lac-dye  is  used  for  ol> 
taining  reds  similar  to  those  yielded  by  Cochineal,  and  the 
methods  adopted  are  essentially  the  same  as  those  already 
described.  Owing  to  the  presence  of  a  large  excess  of 
mineral  and  resinous  impurities,  Lac-dye  yields  its  colour- 
ing matter  to  water  less  readily  than  Cochineal ;  hence, 
twelve  hours  or  so  before  it  is  added  to  the  dye-bath,  it 
should  be  gi-ound  and  made  into  a  paste  with  the  tin 
solution  to  be  employed,  sometimes  with  the  addition  of 
a  little  free  hydrochloric  acid.  This  preliminary  treat- 
ment softens  the  Lac-dye,  dissolves  part  of  the  mineral 
matter  with  which  the  colouring  matter  may  be  com- 
bined in  the  form  of  a  lake,  and  thus  renders  it  more 
soluble  in  the  dye-bath.  With  the  exception  of  this  slight 
deviation,  the  dyeing  is  performed  in  exactly  the  same 
manner  as  with  CochineaL 

Lac-dve  reds  are  less  brilliant  than  Cochineal  reds,  but 
possess  greater  intensity.  They  are  also  considered  to  be 
somewhat  faster  to  light  and  wear,  and  to  the  action  of 
milling  with  weak  alkaKs.  Hence  Lac-dye  is  frequently 
used  in  conjunction  with  Cochineal,  in  order  to  take 
advantage  of  the  good  qualities  of  both,  and  thus  obtain  a 
colour  which  combines  fastness  and  brilliancy.  To 
this  end  the  two  dye-stufis  may  be  added  to  the  same 
dye-bath ;  or  better  still,  the  material  is  first  dyed  with 
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Wdye  and  afterwards  with   Cochineal,   in  a  separate 

ORCHIL. 

284  —Orchil  paste,  Orchil  extract,  and  Cudbear  are 
prepared  from  certain  lichens  bj  submitting  them  to  a 
process  of  oxidation  in  the  presence  of  ammonia  They 
are  still  much  used  in  the  dyeing  of  compound  shades  on 
wool  and  silk.  Their  colouring  matter  (Orcein)  dyes  best 
m  a  neutral  bath,  but  it  possesses  the  very  useful  pro- 
perty of  dyemg  either  in  a  neutral,  slightly  alkaline,  or 
slightly  acid  bath,  and  the  colours  have  an  intensity  or 
body  not  readily  obtainable  by  means  of  its  rivals  amon<. 
the  coal-tar  colours,  chief  among  which  is  Fast  Red  o? 
Koccellme.     The  colour  is  not  fast  to  light. 

Orchil  is  not  applicable  in  cotton-dydng,  and  for  wool 
and  silk  no  mordants  are  required. 

Application  to  IFoo^.—Dyein  a  neutral  bath,  or  with  a 
slight  addition  of  sulphuric  acid,  or  of  soap  solution 

Application  to  Silk.~-Dje  in  a  bath  containing  soap 
solution,  or  boiled-off  liquor,  with  or  without  the  acfdition 
of  acetic  or  sulphuric  acid.  The  colour  produced  is  a  bright 
bJuish-red  or  magenta.  ° 

ANNATTO. 

285.— This  colouring  matter  is  obtained  from  the 
pulp  surrounding  the  seeds  of  Bixa  orellana.  Owino-  to 
the  fugitive  character  of  the  red  or  orange  colour  which 
It  yields.  Its  employment  is  very  Hmited,  and  is  chietiv 
confined  to  silk-dyeing.  A  short  time  before  it  is  re- 
quired for  use,  it  must  be  dissolved  by  boiling  it  with  a 
solution  of  carbonate  of  soda. 

Application  to  (7o«o7^.— Work  the  cotton  in  a  hot 
solution  of  Annatto,  containing  soap  or  carbonate  of  soda 
Pale  colours  are  dried  direct  from  the  dye-bath  ;  dark 
colours  should  be  rinsed  slightly  in  a  cold  soap  solution 
to  remove  excess  of  alkali  from  the  fibre.  By  passing 
the  dyed  cotton  through  water  slightly  acidulated  with 
sulphuric  acid  or  alum,  the  colour  assumes  a  redder  tint 
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Apjjlication  to  Wool  and  Silk. — Pale  shades  are  dyed 
at  50°  C,  with  the  addition  of  soap  to  the  bath;  dark 
shades  are  dyed  at  80° — 100°  C,  without  any  addition. 

SAFFLOWER. 

286. — This  dyestufF  consists  of  the  dried  florets  of 
the  composite  flower  of  Carthamus  tinctorius.  Pre\T.ous 
to  being  used  by  the  dyer  the  commercial  product  should 
be  well  washed  with  cold  water  to  remove  the  worthless 
yellow  colouring  matter  present.  It  is  best  to  use  the 
so-called  Safflower-ex tract.  Safflower  finds  a  very  limited 
use  in  the  dyeing  of  cotton  yarn,  thread,  and  tape.  The 
bright  pink  colour  obtained  is  extremely  fugitive. 

A2?pIicatio7i  to  Cotton. — To  ensure  even  dyeing  the 
cotton  is  first  worked  for  some  time  in  a  cold  carbonate 
of  soda  solution  of  the  colouring  matter  ;  it  is  then 
removed  from  the  bath,  and  the  solution  is  slightly  acidi- 
fied with  sulphuric,  acetic,  or  tartaric  acid.  The  cotton 
is  again  introduced,  and  worked  about  until  the  bath  is 
exhausted.  The  real  dyeing  only  takes  place  in  the  acid 
bath.  The  dyed  cotton  is  afterwards  rinsed  in  water 
slightly  acidified  with  acetic  acid  or  cream  of  tartar,  and 
dried  in  a  cool,  dark  place. 

Silk  may  be  dyed  in  a  similar  manner. 


CHAPTER   XV. 

YELLOW   COLOURIXG   MATTERS. 
WELD. 

287. — Weld  consists  of  the  plant  Reseda  luteola.  It 
is  principally  used  in  wool-  and  silk-dyeing,  for  producing 
yellow  and  olive  colours. 

288.  Application  to  Cotton. — The  yeUow  colours  ob- 
tained  on  cotton  fi-om  this  dyestufi"  are  of  little  or  no 
importance,  since  they  are  not  fast  to  soap. 
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Chromium  mordants  yield  yeJlowish  olives,  very  fast 
to  soap  and  light.  The  addition  of  calcium  acetate  to 
the  dye-bath  is  beneficial 

With  aluminium  mordants  yellows  are  obtained,  but 
they  possess  no  particular  brilliancy. 

Work  the  cotton  in  aluminium  acetate  4° — 6°  Tw, 
(Sp.  Gr.  1-02 — 1"03),  and  fix  in  a  separate  bath  with 
phosphate  or  silicate  of  soda ;  wash  and  dye  for  \ — j  of 
an  hour  at  60=  C.  A  slight  addition  of  acetate  of  copper 
to  the  dye-bath  makes  the  shade  more  orange. 

With  stannic  mordants  the  yellows  produced  are 
slightly  faster  to  soap,  and  somewhat  more  orange  in  tone. 

Fyrolignite  of  iron  as  the  mordant,  with  or  without 
the  additional  use  of  aluminium  acetate,  and  fixed  by  means 
of  silicate  of  soda,  gives  various  shades  of  olive. 

Greens  are  obtained  by  mordanting  wdth  aluminium, 
and  dyeing  with  a  mixture  of  Weld  and  Logwood,  or 
by  first  dyeing  the  cotton  an  indigo- vat  blue,  afterwards 
mordanting  with  aluminium  acetate,  or  a  stannic  salt, 
and  dveing  with  Weld. 

289.  Application  to  Wool. — The  use  of  Weld  in  woollen- 
dyeing  is  limited,  because  it  is  of  low  colouring  power  and 
requires  two  baths,  and  because  the  fastness  and  purity 
of  the  yellow  colour  are  not  generally  recognised. 

Wool  mordanted  with  2  per  cent,  of  bichromate  of 
potash,  and  dyed  in  a  separate  bath  with  60  per  cent,  of 
Weld,  .gives  an  olive-yellow  or  old-gold  shade.  The  addi- 
tion of  sulphuric  acid  to  the  mordanting  bath  is  not 
beneficial.  The  addition  of  3  per  cent,  chalk  to  the  dye- 
bath  adds  intensity  to  the  colour. 

To  produce  Weld  yellow,  mordant  the  wool  by  boiling  it 
1 — 2  hours  with  4  per  cent,  of  aluminium  sulphate,  wash 
and  dye  in  a  separate  bath  with  a  decoction  of  50 — 100 
per  cent,  of  Weld,  for  20—60  minutes,  at  80° — 90°  C. 

The  dye-bath  is  prepared  immediately  before  intro- 
ducing the  mordanted  wool,  the  chopped  Weld  being  en- 
closed in  weighted  bags,  and  boiled  ^vith  soft  water  only, 
for  \ — 1  hour,  then  add  4  per  cent,  chalk  before  dyeing. 
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The  colour  thus  obtained  is  a  yellow  comparatively 
free  from  any  tinge  of  redness.  Its  fastness  to  light  and 
to  milling  with  soap  and  weak  alkalis  is  very  satisfac- 
tory ;  indeed,  it  must  be  considered  as  superior  to  all 
other  natural  yellow  colouring  matters  in  these  respects. 

The  addition  of  5  per  cent,  tartar  to  the  mordanting 
bath  is  beneficial,  but  excess  makes  the  colour  dull.  The 
addition  of  2  per  cent,  of  stannous  chloride  gives  bril- 
liancy and  fastness  to  the  colour  produced. 

The  addition  of  4  per  cent,  of  chalk  to  the  dye-bath 
gives  a  yellow,  which  possesses  greater  intensity  but  less 
purity.  The  addition  of  calcium  acetate  has  the  same 
effect  as  that  of  chalk,  but  in  a  less  degree. 

Brighter  yellows  are  obtained  by  mordanting  with 
8  per  cent,  of  stannous  chloride  instead  of  with  alumi- 
nium sulphate. 

By  adopting  the  "  single-bath  "  method  similar  to  that 
given  for  Cochineal  scarlet,  very  good  bright  yellows  are 
obtained. 

Wool  mordanted  with  6  per  cent,  of  copj)er  sulphate^ 
and  dyed  in  a  separate  bath  with  Weld,  gives  a  yellowish 
olive  colour.  The  addition  of  tartar  to  the  mordanting 
bath  is  not  beneficial.  Add  2 — 8  per  cent,  chalk  to  the 
dye-bath. 

Wool  mordanted  with  4  per  cent,  of  ferrous  sulphate 
and  3  per  cent,  of  tartar,  and  dyed  in  a  separate  bath 
with  the  addition  of  chalk,  gives  good  olive  colours. 

290.  Application  to  Silk. — Of  all  the  natural  yellow 
colouring  matters,  Weld  is  the  most  important  to  the  silk- 
dyer,  since  the  colours  it  yields  are  relatively  fast  to 
light  and  slight  soaping.  It  is  principally  used  for  dye- 
ing yellow,  olive,  and  green. 

For  yellow,  the  silk  is  mordanted  in  the  usual  manner 
with  alum,  washed  and  dyed  in  a  separate  bath  at 
50° — 60°  C.  with  a  decoction  of  20 — 40  per  cent,  of  Weld. 

A  small  quantity  of  soap  solution  is  added  to  the  dye- 
bath,  in  order  to  ensure  even  dyeing.  The  amount  to  be 
added  increases  with  the  degree  of  hardness  of  the  water, 
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and  the  percentage  of  weld  employed  ;  in  any  case,  the 
addition  of  too  much  should  be  avoided.  It  is,  of  course, 
better  to  correct  the  water  previously.  After  dyeing, 
the  colour  is  brightened  by  working  the  silk  for  ten 
minutes  in  a  fresh  soap  bath  to  which,  in  order  not  to  im- 
poverish the  colour,  a  little  decoction  of  Weld  has  been 
added.  Wring  out  without  washing.  If  scroop  is  re- 
quired, the  silk  is  washed,  and  then  worked  for  ten 
minutes  in  water  slightly  acidulated  with  acetic  acid. 

It  is  essential  to  the  production  of  bright  yellows  that 
the  aluminium  salt  used  be  absolutely  free  from  iron. 
The  best  Weld  to  employ  is  the  short  French  Weld  from 
Cette,  and  the  purest  yellows  are  obtained  from  the  first 
and  second  decoctions  of  the  flower  portion  of  the  stem. 
The  root  portion  contains  a  little  tannin  matter,  which 
tends  to  dull  the  colour. 

Dark  shades  of  yellow  are  dyed  in  the  same  way, 
using  proportionately  more  Weld  (50 — 70  per  cent.). 
The  addition  of  soap  to  the  bath  is  not  necessary,  but  it 
is  advisable  to  keep  the  temperature  somewhat  lower. 
For  very  dark  shades  it  may  be  necessary  to  dye  in  two 
Weld  baths.  Yery  often,  before  wringing,  the  silk  is 
worked  at  60°  C.  in  a  strong  soap  bath,  containing  a 
little  Annatto,  in  order  to  give  a  slightly  more  orange 
tint,  as  well  as  additional  brilliancy.  Full  orange 
colours  are  produced  by  first  grounding  with  Annatto, 
afterwards  mordanting  with  alum,  and  dyeing  with  Weld. 

OLD    FUSTIC. 

291.  This  dyestuff  consists  of  the  wood  of  Morus 
tinctoria.  It  is  principally  used  in  woollen-dyeing,  also 
to  a  limited  extent  in  silk-dyeing. 

292.  Application  to  Cotton. — Old  Fustic  is  but  little 
used  by  the  cotton  dyer,  the  colours  it  produces  on  cotton 
not  being  fast  to  soap. 

The  same  methods  of  application  as  for  Weld  may  be 
employed. 

293.  Application  to  Wool. — In  the  heavy  woollen  trade, 
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this  is  perhaps  the  most  largely  used  of  all  the  natural 
yellow  colouring  matters,  but  principally  along  with  other 
dyewoods  for  the  production  of  various  compound 
shades,  e.g.,  browns,  olives,  drabs,  &c. 

With  bichromate  of  potash  as  the  mordant,  it  gives 
a  pleasing  brownish  or  olive-yellow  colour  (old  gold). 

Boil  the  wool  for  1 — \^  hour  with  3 — 4  per  cent,  of 
bichromate  of  potash,  wash,  and  dye  in  a  separate  bath 
for  1—1 J  hour  at  100°  C.  with  20—80  percent,  of  ground 
Old  Fustic.  By  increasing  the  amount  of  mordant  deeper 
colours  are  obtained,  but  it  is  not  advisable  to  use  more 
than  that  indicated. 

The  addition  of  tartar  or  sulpliuric  acid  to  the  mor- 
danting bath  is  not  beneficial. 

With  aluminium  mordant  Old  Fustic  gives  yellow 
colours,  which  differ  in  brightness,  according  as  the  dyeing 
is  done  in  one  or  two  baths.  The  "  sinsrle-bath  ''  method 
gives  the  brightest  shades.  Dye  for  1 — 1^  hour  with 
4  per  cent,  of  aluminium  sulphate,  2  per  cent,  of  oxalic 
acid,  and  20—40  per  cent,  of  Old  Fustic,  at  S0°— 100°  0. 
The  addition  of  tartar  intensifies  but  dulls  the  colour. 

When  two  baths  are  employed,  mordant  the  wool  for 
1 — 1|-  hour  with  8  per  cent,  of  aluminium  sulphate,  wash, 
and  dye  in  a  separate  bath  for  ^ — |  hour,  at  80° — 
90°  C,  with  20—40  per  cent,  of  Old  Fustic.  Here,  too, 
the  addition  of  tartar  to  the  bath  is  not  beneficial.  By 
using  2 — 3  per  cent,  of  stannous  chloride  along  with  the 
aluminium  sulphate,  much  brighter  colours  are  obtained. 

The  brightest  and  fastest  yellows  obtainable  from 
Old  Fustic  are  produced  with  the  use  of  a  stannous  mor- 
dant. Mordant  the  wool  1 — 1^  hour  with  8  per  cent,  of 
stannous  chloride  (crystals),  and  8  per  cent,  of  tartar ; 
wash,  and  dye  in  a  separate  bath  for  30 — 40  minutes,  at 
80—100°  C,  with  20—40  per  cent,  of  Old  Fustic. 

Very  bright  yellows  are  better  obtained  by  adopting 
the  "  single-bath  "  method  given  for  Cochineal  scarlet, 
possibly  because  then  the  lime  compound  of  the  colour- 
ing principle  "  morin  "  is  decomposed.      Use  40  per  cent. 


Chap.  XV.]  OLD    FUSTIC.  361 

of  Old  Fustic,  8  per  cent,  of  stannous  chloride,  4  per 
cent,  of  tartar,  and  2  per  cent,  of  oxalic  acid.  By  using 
less  mordant  fuller  colours  are  obtained,  but  they  are 
not  so  bright. 

Prolonged  dyeing  must  always  be  avoided,  especially 
when  dyeing  at  100°  C,  or  when  two  baths  are  employed, 
otherwise  the  yellows  become  dull  and  brownish,  owing 
to  the  presence  in  Old  Fustic  of  a  considerable  amount 
of  tannin  matter.  This  effect  can  be  obviated  to  a 
large  extent  by  adding  a  solution  of  glue  to  the  dye- 
bath,  in  the  proportion  of  4 — 8  per  cent,  of  the  weight  of 
Old  Fustic  employed. 

Stannic  chloride,  in  conjunction  with  Old  Fustic, 
gives  light-brown  or  fawn  colours,  and  is  not  a  suitable 
mordant. 

All  the  yellows  obtained  from  Old  Fustic  change  to  a 
dull  brownish  colour  after  one  month's  exposure  to  sun- 
light, but  they  bear  milling  with  soap  and  weak  alkalis 
fairly  well. 

With  coppe7'  sulphate  mordant  Old  Fustic  yields  olive 
colours.  Either  the  "  mordanting  and  dyeing  "  method, 
or  the  "  single-bath  "  method  may  be  adopted.  Use  4 — 6 
per  cent,  of  copper  sulphate  and  0 — 4  per  cent,  of  tartar. 

With  8  per  cent,  ferrous  sulphate  and  3  per  cent. 
tartar,  darker  olives  are  obtained.  The  "  single-bath ' 
method  gives  good  and  level  colours.  Use  4 — 8  per 
cent,  ferrous  sulphate,  without  the  addition  of  tartar. 

294.  Application  to  Silk. — Old  Fustic  is  still  used  in 
silk-dyeing  for  the  purpose  of  obtaining  various  shades  in 
2:reen  and  olive.  It  is  now  seldom  or  never  used  for 
dyeing  yellows,  since  they  cannot  compare  in  brightness 
with  those  derived  from  Weld,  or  from  some  of  the  coal- 
tar  colouring  matters. 

It  is  occasionally  used  in  conjunction  with  other 
colouring  matters  for  obtaining  compound  colours,  or  for 
modifying  the  shade  of  certain  blacks. 

If  required  for  a  light  yellow,  the  silk  is  worked  for 
J — I"  hour,  at  50° — 60°  C,  in  a  bath  containing  16  per 
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cent,  of  alum,  and  a  decoction  of  8 — 16  per  cent,  of  Old 
Fustic. 

For  dyeing  a  darker  yellow — requii'ed,  e.g.^  when  pro- 
ducing in  conjunction  with  indigo-vat  blue  the  so-called 
"  fast-green  " — the  silk  is  mordanted  with  alum,  washed, 
and  djed  for  about  an  hour,  at  50=' — 60"*,  with  a  decoction 
of  50 — 100  per  cent,  of  Old  Fustic,  and  then  washed. 

The  colour  may  be  rendered  brighter  and  faster  by 
working  the  silk  afterwards  in  a  cold  solution  of  nitro- 
muriate  of  tin,  at  4^  Tw.,  for  an  hour,  and  then  washing. 

QUERCITRON    BARK. 

295. — This  dyestuff  consists  of  the  inner  bark  of 
Quercus  tinctoria.  Its  dyeing  properties  are  so  similar 
to  those  of  Old  Fustic  that  the  same  methods  of  applica- 
tion may  be  used  for  both. 

296.  Application  to  Cotton. — The  colours  produced 
on  cotton  by  means  of  this  dyewood  are  yery  similar  to 
those  obtained  from  Weld,  and  the  same  methods  of 
application  may  be  adopted.  Quercitron  yellow  on  cotton 
w^hen  dyed  with  Malachite  Green  gives  very  good 
yellowish-green  shades. 

297.  Application  to  Wool. — With  bichromate  of  potash 
mordant,  Quercitron  Bark  gives  somewhat  redder  olive- 
yellows  than  those  yielded  by  Old  Fustic.  Mordant  "svith 
three  per  cent,  of  bichromate  of  potash,  without  the  addi- 
tion of  sulphuric  acid  or  tartar,  and  dye  in  a  separate 
batli.  The  aluminium  yellows  are  paler,  while  those 
produced  by  stannous  chloride  are  very  much  brighter 
and  more  orange  in  shade  than  the  corresponding  Old 
Fustic  colours. 

With  stannic  chloride^  Quercitron  Bark  gives  a  very 
pale  buff  colour. 

In  all  cases  prolonged  dyeing  is  injurious,  and  gives 
dull  shades.  The  addition  of  glue  solution  to  the  dye- 
bath  is  beneficial,  since  it  precipitates  the  tannin  matter 
invariably  present. 

The  resistance  of  Quercitron  Bark  colours  to  light 
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and  milling  is  about  the  same  as  that  of  those  yielded  by 
Old  Fustic.  It  is  not  extensively  used  in  woollen  dyein^r, 
having  been  largely  supplanted  by  Flavin.  *' 

298.  Application  to  Silk. — Quercitron  Bark  is  seldom 
used  alone  in  silk-dyeing.  If  required,  it  may  be  applied 
in  the  same  manner  as  Weld  or  Old  Fustic. 

Its  principal  use  is  for  obtaining  a  dead-black,  a 
small  quantity  of  its  decoction  being  added  to  the  Lo<>wood 
dye-bath. 

FLAVIN. 

299. — This    dyestuff  is  a  preparation  of  Quercitron 
Bark,  ^  and  consists  essentially  of  "  quercetin."     "  Quer- 
citrin"    may   also    be   present   in    some  products.      It 
has  occasionally  been   sold    under    the    name    "Auran- 
tine."    The  advantages  which  Fla^^n  has  over  Quercitron 
Bark   are,   that  it  is  verv-  much  stronger   in   colouring 
power,    and    being   free    from    tannin    matter   it   yields 
brighter  shades.     A  good  quality  of  Flavin  may  possess 
sixteen  times  the  colouring  power  of  Quercitron  Bark, 
but  very  inferior  qualities  are  frequently  met  with      So- 
called    "Patent    Bark,"    prepared    by    boiling    gi'ound 
Quercitron   Bark    with   sulphuric    acid,   is  an  excellent 
substitute  for  Flavin  in  wool-dyeing. 
Flavin  is  not  used  in  cotton-dyeino'. 
300.  Application  to  Wool. — When  employed  for  yellow 
tm  mordants,  with  or  without  the  addition  of  aluminium 
sulphate,   are   used.      With    aluminium  mordants  alone 
comparatively  pale  yellows    are    produced.      With    stan- 
nous mordants  the  yellows  are  verv  much  richer,  and  of 
a  more  orange  tone.     With  stann^ic  mordant  pale  yel- 
lowish buffs  are  produced. 

In  dyeing  Flavin  yellows  it  is  most  advantageous  to 
mordant  and  dye  in  one  bath,  after  the  manner  recom- 
mended for  dyeing  Cochineal  scarlet.  By  this  means 
brighter  colours  are  obtained.  Boil  the  wool  for  1—3 
of  an  hour  with  4—8  per  cent,  of  stannous  chloride 
(crystals),  and  0—4  per  cent,  of  tartar;  take  out  the 
wool  temporarily  ;  add  1—8  per  cent,  of  Flavin  ;  boil  five 
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to  ten  minutes ;  re-enter  the  wool,  and  continue  boiling 
for  half  to  one  hour.  It  is  well  to  mix  up  the  Flavin 
with  a  little  hot  water  to  form  a  smooth  paste,  before 
addinj!^  it  to  the  dye-bath,  since  it  tends  to  form  lumps  not 
readilv  wetted  and  dissolved,  if  thrown  into  the  bath  in 
the  diy  state- 
Increase  of  stannous  chloride  adds  intensity  and 
redness  to  the  colour. 

Acid  solutions  of  stannous  chloride  or  nitrate  of  tin 
mav  be  used  instead  of  stannous  chloride  crystals. 

Increase  of  tartar  reduces  the  intensity,  brilliancy, 
and  redness.  The  tartar  may  be  partly  or  entirely 
replaced  by  2 — i  per  cent,  of  oxalic  or  tartaric  acid,  when, 
indeed,  brighter  shades  result. 

Increase  of  Flavin  adds  intensity  and  redness.  With 
1  per  cent,  of  Flavin  the  shade  produced  is  a  bright 
canary-yellow  ;   with  8  per  cent,  it  is  a  bright  orange. 

Flavin  yellows  and  oranges  on  wool,  obtained  by 
means  of  stannous  mordants,  are  among  the  brightest 
that  can  be  produced  from  either  natural  or  artificial 
colouring  matters. 

With  regard  to  their  fastness  to  light  and  milling 
with  soap  and  dilute  alkalis,  they  behave  the  same  as 
those  of  Quercitron  Bark  and  Old  Fustic,  becoming 
brownish. 

Flavin  is  much  used  along  with  Cochineal  for  dyeing 
scarlet. 

301.  Application  to  Silk. — Flavin  is  not  generally 
used  in  silk-dyeing.  It  may,  however,  be  applied  in  the 
same  manner  as  Weld. 

YOUNG   FUSTIC. 

302. — This  colouiing  matter  consists  of  the  wood  of 
the  sumach  tree  {^Rhus  cotinus). 

Owinor  to  the  fuodtive  character  of  all  the  colours 
produced  by  this  dyestuff,  it  is  of  little  or  no  use  to  the 
cotton  and  silk  dyer,  and  it  would  be  no  great  loss  if 
it   disappeared   from    the    market   altogether.     It   was^ 
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however,  mucli  used  formerly  in  dyeing  brown  colours 
on  silk,  the  yarn  being  mordanted  with  alum  and  after- 
wards dyed  with  a  decoction  of  Young  Fustic,  Peach- 
wood,  and  Logwood.  It  still  finds  a  limited  use  in 
wool-dyeing  for  the  production  of  orange  or  ycarlet. 

303.  Application  to  Wool. — Wool  mordanted  with  hi- 
chroTnate  of  potash  and  dyed  in  a  separate  bath  with 
Young  Fustic,  gives  a  reddish  brown.  The  colour  is 
much  redder  than  that  obtained  in  a  similar  manner 
from  any  other  of  the  yellow  dyewoods,  with  the 
exception  of  Persian  Berries.  Very  large  amounts  of 
bichromate  of  potash  may  be  used,  and  with  good  effect, 
but  it  is  not  advisable  to  employ  more  than  3  per  cent. 
The  addition  of  sulphuric  acid  is  not  beneficial. 

With  an  aluminium  mordant  it  produces  a  yellowish 
buff  colour. 

The  brightest  yellows  yielded  by  Young  Fustic  are 
those  obtained  when  it  is  used  in  conjunction  with 
stannous  mordants.  With  stannous  chloride  (or  nitrate 
of  tin)  and  tartar,  and  with  a  good  quality  of  Young 
Fustic,  bright  orange  yellows  are  obtained,  not  unlike 
those  given  by  Quercitron  Bark  or  Flavin.  The  same 
methods  of  dyeing  and  proportions  of  mordants  employed 
in  the  case  of  Flavin  may  be  adopted  here,  using  only 
larger  amounts  of  dyewood,  say  20 — 40  per  cent,  of 
Young  Fustic.  With  a  stannic  salt  as  mordant  it 
yields  a  tolerably  good  full  orange  yellow,  but  only  when 
prohibitory  amounts  of  tartar  are  employed. 

The  colours  yielded  by  the  use  of  cojjper  and  iron 
mordants  are  olives  similar  to  those  obtained  from  the 
other  yellow  dyewoods. 

The  yellows  and  oranges  obtained  from  Young  Fustic 
are  not  fast  to  light,  two  or  three  months'  exposure 
being  sufiicient  to  bleach  the  colour  entirely.  All  except 
the  aluminium  colour  withstand  milling  with  soap  and 
weak  alkalis  moderately  well. 

In  these  I'espects  Young  Fustic  is  not  so  good  as  any 
of  the  other  natural  yellow  colouring  matters. 
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PERSIAN    BERRIES. 

304.  This  colouring  matter  consists  of  the  dried  un- 
ripe fruit  of  various  species  of  Rhainnvus;  it  is  not  used 
in  cotton-  and  rarely  in  silk-djeing,  although  very  largely 
in  calico-printing  for  steam-orange,  olive,  green,  <fc;c. 

Applicaiion  to  Wool. — Persian  Berries  are  seldom 
used  in  woollen-dyeing.  They  seem  to  be  excluded  en- 
tirely from  the  heavy  woollen  trade,  and  find  only  a 
limited  use  in  dyeing  light  materials  for  ladies'  wear. 
The  chief  objection  is  their  high  price,  but  they  are  also 
verj^  variable  in  quality. 

In  general  dyeing  properties  Persian  Berries  greatly 
resemble  Young  Fustic,  but  the  colours  produced  are 
very  much  faster. 

With  hidirortwute  of  potash  mordant  very  good  red- 
dish browns  are  obtained. 

With  aluminium  and  stannic  mordants  only  pale,  un- 
satisfactory dull  yellows  are  obtained.  With  stannous 
mordants  rich  yellows  and  oranges  are  obtained,  which, 
when  a  good  quality  of  Persian  Berries  has  been  em- 
ployed, are  equal  if  not  superior  in  brilliancy  to  those 
obtained  from  Flavin.  Use  the  same  methods  and  pro- 
portions of  mordants  employed  in  the  case  of  Flavin, 
but  with  10 — 40  per  cent,  of  Persian  Berries. 

When  exposed  to  light,  Persian  Berry  yellows  gradu- 
ally become  brownish,  but  in  this  respect  they  are  not 
different  from  those  obtained  from  Old  Fustic  and 
Quercitron  Bark  and  Flavin,  and  are  decidedly  superior 
to  those  obtained  from  Young  Fustic.  They  also  bear 
milling  with  soap  and  weak  alkalis  very  fairly. 

The  action  of  light  on  the  olive  obtained  by  the  use  of 
copper  sulphate  mordant  is  very  characteristic.  The 
olive  gradually  becomes  greener  and  increases  in  inten- 
sity. Even  after  an  exposure  of  twelve  months  no 
fading  action  seems  to  take  place.  This  olive  is  probably 
as  fast  to  light  as  any  known,  and  may  be  classed  in 
this  respect  along  with  vat-indigo  blue,  <fcc. 
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TURMERIC. 

305.  This  dyestuflf  is  the  tuber  of  Curcuma  tinctoria. 
Notwithstanding  the  very  fugitive  character  of  the  colour 
it  yields,  it  is  still  much  used,  especially  by  the  wool-  and 
silk-dyer  for  the  production  of  compound  shades — olives, 
browns,  &c.  It  gives  a  bright  yellow  colour  without  the 
aid  of  a  mordant,  but  when  mordants  are  used  with  it 
it  yields  other  colours  not  unlike  those  obtainable 
from  the  yellow  dyewoods. 

306.  Application  to  Cotton. — The  colouring  matter  of 
Turmeric  is  one  of  the  few  for  which  cotton  has  naturally 
a  strong  attraction.  Cotton  is  dyed  by  simply  working 
it  in  a  Turmeric  bath  heated  to  about  60°  C.  for  about 
half  an  hour.  The  colour  is  not  fast  either  to  light  or  to 
alkalis ;  even  very  slightly  alkaline  solutions — e.g.,  soap 
— change  it  to  a  reddish  brown. 

307.  Ajjplication  to  Wool. — Dye  at  60°  C.  without  any 
addition.  Boiling  should  be  avoided,  since  the  bright 
yellow  then  becomes  soiled  by  reason  of  impure  extrac- 
tive matters  entering  into  solution.  If  the  wool  is  mor- 
danted with  aluminium  or  tin  the  colour  is  somewhat 
brighter,  and  in  the  latter  case  more  orange.  With  the 
use  of  potassium  dichromate  and  ferrous  sulphate  as  the 
mordant,  the  colours  produced  are  olive  and  brown. 

SUk  is  dyed  in  the  same  manner  as  wool. 

BARBERRY. 

308.  This  yellow  dyestuflf  is  the  root,  sometimes  the 
bark,  of  Berheris  vulgaris;  it  is  also  sold  in  form  of  an 
extract.  It  is  principally  used  in  the  dyeing  of  leather, 
but  still  finds  a  limited  application  in  silk-dyeing. 

Application  to  Silk.— Work  the  silk  at  50^—60''  C.  in 
the  dyewood  decoction,  slightly  acidified  with  sulphuric, 
acetic,  or  tartaric  acid.  For  dark  shades  the  silk  may 
be  previously  mordanted  with  stannous  chloride. 
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CATECHU. 

309.  This  valuable  dyestuff  is  obtained  from  cei-tain 
species  of  Acacia,  Areca,  and  Uncaria,  growing  in  India. 
It  is  largely  used  by  the  cotton-dyer  for  the  purpose  of 
obtaining  various  shades  of  brown,  olive,  drab,  grey,  and 
black.  It  is  also  extensively  employed  in  black  silk 
dvein*;.     In  woollen  dveing  it  is  little  used. 

310.  Application  to  Cotton. — The  brown  colour  pro- 
duced on  cotton  by  Catechu  is  remarkable  for  its  fastness 
to  light,  soap,  alkaline  and  acid  solutions,  and  even  to 
solutions  of  bleaching-powder. 

For  the  production  of  Catechu  brown,  the  cotton  is 
worked  for  ^ — 1  hour  at  80^ — 100''  C.  in  a  solution  of 
10 — 20  per  cent,  of  Catechu,  or,  say,  one  containing  10 — 20 
grams  of  Catechu  per  litre.  After  squeezing  the  cotton  and 
allowing  it  to  cool,  it  is  worked  for  half  an  hour  at  60"  C.  in 
a  fresh  bath  containing  1 — 2  grams  of  bichromate  of  potash 
per  litre,  and  is  finally  well  washed.  For  very  deep  and  full 
shades,  the  cotton  is  allowed  to  steep  in  the  hot  Catechu 
decoction  till  the  latter  becomes  cold,  before  passing  it  into 
the  bichromate  of  potash  bath.  The  deepest  shades  are 
produced  by  drying  the  cotton  after  the  Catechu  bath. 
Very  frequently — e.^.,  in  warp  dyeing — the  cottonis  passed 
rapidly  through  a  succession  of  Catechu  and  bichromate 
baths.  In  this  process  it  simply  becomes  impregnated 
in  the  first  bath  with  catechin ;  this  in  its  pure  state 
would  be  quite  white,  but  in  the  second  bath  it  is  imme- 
diately and  completely  oxidised,  and  is  said  to  form  in- 
soluble brown  japonic  acid  within  and  upon  the  fibre. 
Previous  mordanting  of  the  cotton  is  not  necessary,  since 
the  shade  would  be  only  slightly  modified  thereby.  Mor- 
dants, however,  are  used  when  other  colouring  matters  in 
the  form  of  extract  are  added  to  the  catechu  bath — e.g.^ 
Logwood,  Alizarin,  Old  Fustic,  kc. 

With  aluminium-mordanted  cotton  the  simple  Catechu 
colour  is  a  yellowish  brown  ;  with  tin  mordants  it  is 
rendered    still  yellower.      Iron  mordants    produce   the 
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greatest  change,  and  yield  a  brownish-  or  greenish-gi-ey. 
When,  however,  such  colouring  mattei-s  as  those  just 
mentioned  are  also  added  to  the  dye-bath,  the  shades  of 
brown  and  grey  may  be  modified  ad  libitum.  Indeed, 
the  fastness  of  such  shades  varies  according  to  the  colour- 
ing matter  and  mordant  employed  in  addition. 

When  Catechu  only  is  used,  a  somewhat  darker 
shade  of  brown  is  obtained  by  adding  to  the  dye-bath 
copper  sulphate  or  acetate,  in  the  proportion  of  about  6 
per  cent,  of  the  weight  of  Catechu.  The  intensifying  of 
the  colour  is  probably  due  to  the  production  of  basic 
copper  chromate.  This  addition,  however,  of  an  oxidising 
agent  to  the  dye-bath,  although  at  first  sight  beneficial, 
is  scarcely  to  be  recommended,  since  it  oxidises  the 
Catechu^  and  thus  gi'adually  spoils  the  bath  for  dyeing 
subsequent  lots  of  cotton.  The  object  of  the  dyer  should 
always  be  to  retain  the  Catechu,  as  much  as  possible  in 
the  unoxidised  and  soluble  form  until  the  fibre  is  im- 
pregnated with  it,  and  then  only  to  submit  it  to  an 
oxidising  action. 

The  mordants  above  refeiTed  to  may  be  applied 
before  or  after  the  bichromate  of  potash  bath,  the  cotton 
being  worked  in  their  cold  solutions  at  1° — 4°  Tw. 
(Sp.  Gr.  1-005 — 1'02),  and  afterwards  in  a  bath  of 
sodium  phosphate  or  other  suitable  fixing-agent. 

Numerous  light  shades  may  be  obtained  by  a  subse- 
quent dyeing,  but  without  using  any  extra  mordant.  In 
such  a  case,  the  chromed  cotton  is  merely  washed  and 
dyed  in  the  necessary  solution  of  dyewood  extract. 
The  small  quantity  of  chromic  oxide  which  is  invariably 
precipitated  on  the  fibre  during  the  operation  of  chrom- 
ing, acts  as  mordant  in  this  case, 

A  very  usual  method  of  obtaining  the  modified 
colours  now  under  consideration,  is  to  boil  the  cotton 
with  a  solution  of  Catechu  to  which  dyewood  extract 
has  also  been  added,  and  then  to  sadden  (preferably  in  a 
separate  bath)  with  copper  or  ferrous  sulphate,  or  both, 
and  finally  to  pass  into  the  bichromate  of  potash  bath. 

Y 
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"When  fastness  to  light  is  not  essential,  the  basic 
:ioal-tar  colours  may  be  employed  for  the  purpose  of 
modifying  the  original  Catechu  colour  ;  in  this  case  the 
<rotton  is  first  dyed  with  Catechu  and  passed  tlu'ough  bi- 
chromate of  px)tash  as  usual,  then  washed,  and  dyed  in  a 
cold  or  tepid  solution  of  the  coal-tar  colour.  Bismarck 
Brown  and  Magenta  are  often  employed  in  this  way. 

In  practice,  dyers  do  not  always  use  the  Catechu  in 
the  exact  state  in  which  it  is  impoited.  There  is 
indeed  a  so-called  "prepared  cut<:h "  in  the  market, 
made  hx  meltinsj  Catechu  with  the  addition  of  aluminium- 
sulphate.  This  product  is  said  to  possess  a  gi-eater 
colouring  power  than  the  original  Catechu. 

Catechu  blacks  are  produced  by  working  the  cotton 
in  a  hot  decoction  of  Catechu,  allowing  it  to  steep  in  the 
bath  till  cold,  then  working  it  in  cold  nitrate  of  iron  at 
2-  Tw.  (Sp.  Gr.  1"01),  washing  and  dyeing  in  a  cokl  or 
tepid  decoction  of  Logwood,  and  finally  passing  through 
bichromate  of  potash  solution. 

311.  Application  to  Wool — As  already  stated.  Catechu 
is  ^■ery  little  used  in  wool-dyeing,  although  it  is  capable 
of  yielding  fine  rich  brown  colours,  which  are  fast  to 
milling,  scouring  with  alkaline  solutions,  and  also  to  light. 
When  used  in  excess  it  is  apt  to  give  the  wool  a  harsh 
feel,  and  to  destroy  somewhat  its  milling  properties,  but 
where  really  fast  browns  are  required,  this  dyesttiff 
should  certainly  not  be  lost  sight  of  by  woollen-dyers. 

The  best  method  of  applying  it  to  wool  is  similar  to 
that  adopted  by  the  cotton-dyer. 

The  wool  is  l;»oiled  for  1 — IJ  hour  with  10 — 20 
per  cent,  of  Catechu,  and  saddened  at  60' — 100'  C,  in  a 
separate  bath  for  half  an  hour  with  2 — i  per  cent,  of 
copper  sulphate,  fen^ous  sulphate,  or  bichromate  of  potash. 
The  Catechu  bath,  not  being  exhausted,  may  serve  for 
dyeing  fresh  quantities  of  wool,  and  merely  requires 
to  be  replenished  occasionally  with  further  additions  of 
catechu  decoction. 

By  adding   to  the  dye-bath  such  other  dyestuffs  as 
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Camwood,  Alizarin,  extracts  of  Logwood,  &c.,  numerous 
shades  of  fast  brown  are  obtained. 

312.  Ajjplication  to  Silk. — The  principal  use  of 
Catechu  to  the  silk-dyer  is  to  add  weight  to  the  silk  in 
dyeing  black.  For  this  purpose  the  yellow  variety 
(Gambler)  is  preferred. 

Catechu  is  chosen  instead  of  other  tannin  matters — s 
e.g.,  galls — for  weighting,  since  its  iron  compound  resists 
better  the  action  of  hot  soap  solutions  in  subsequent 
operations,  and  the  black  does  not  acquire  such  a  rusty 
appearance. 

The  following  is  an  outline  of  the  method  of  its 
application  for  heavily-weighted  blacks. 

After  boiling-ofl*,  steeping  in  basic  ferric  sulphate, 
and  dyeing  Prussian  Blue,  the  silk  is  worked  for  an 
hour  at  a  temperature  of  60° — 70°  C,  in  a  bath  con- 
taining 100 — 200  per  cent,  of  Catechu.  If  necessary,  the 
silk  may  be  left  steeping  over-night  in  the  liquor  without 
danger.  When  only  little  weighting  is  needed,  a  tempera- 
ture of  50°  C.  is  used,  and  the  strength  of  the  Catechu 
bath  does  not  exceed  4°— 5°  Tw.  (Sp.  Gr.  1-02— 1*025). 
At  this  temperature  the  tannin  matter  acts  only  on 
the  silk,  and  weights  it  to  the  extent  of  10 — 12  per 
cent.,  but  at  the  temperature  of  60° — 70°  C,  the 
Prussian  Blue  already  on  the  fibre  is  acted  upon.  A  por- 
tion of  the  tannin  matter  is  thus  destroyed,  but  the  rest 
combines  with  the  ferrous-ferric  oxide,  and  the  weight  of 
the  silk  is  increased  by  30 — 40  per  cent. 

The  maximum  weighting  effect,  however,  is  produced 
by  the  combined  use  of  Catechu  and  stannous  chloride. 
The  silk  is  first  worked  in  the  Catechu  bath  for  an  hour  at 
50°  C,  then  lifted  out.  After  adding  to  the  bath,  and 
dissolving,  5 — 15  per  cent,  of  stannous  chloride  (according 
to  the  number  of  previous  iron  baths),  the  silk  is  re- 
entered, and  worked  for  1 — 2  hours  at  70° — 75°  C,  or, 
if  necessary,  it  may  be  steeped  for  one  or  two  nights 
without  injury.  Exposure  of  the  silk  to  the  air  should  be 
avoided  as  much  as  possible,  by  keeping  the  bath  filled 
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with  liquor,  and  the  rods  full  of  silk,  and  pressed  closely 
together;  otherwise  the  stannous  salt  becomes  oxidised, 
and  the  silk  acquii^es  a  stiff  feel.  The  stannous  chloride 
acts  as  a  reducincj  aorent,  and  is  said  to  facilitate  the 
formation  of  feiTous-f  enic  oxide,  but  there  is,  at  the  same 
time,  a  considerable  quantity  of  stannic  oxide  fixed  upon 
the  fibre, 

"Wlien  no  stannous  chloride  has  been  added  to  the 
Catechu  bath,  the  latter  oucrht  to  be  preserved,  since  it  is 
not  exhausted.  Old  Catechu  baths,  indeed,  give  better 
results  than  new  ones,  1x)th  as  regards  weighting  and 
colour  :  this  is  said  to  be  due  to  the  small  quantity  of  ii'on 
wliich  they  contain  from  previous  opei^tions.  If  stan- 
nous chloride,  however,  has  been  added,  the  Catechu  bath 
is  of  no  further  use,  and  can  be  at  once  thrown  away. 
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APPLICATION  OF  THE  ARTIFICIAL 
COLOURING   MATTERS. 

CHAPTER   XYI. 

ANILINE    COLOURING    MATTERS. 

a.  Rosaniline  Group. 

rCgH4-N(CH3)2 
313.  Benzaldehyde  Green.     C^  && 

Ihis  colouring  matter  is  derived  from  dimethyl-aniline 
and  IS  the  hydrochloride  of  tetra- methyl -diamido-' 
triphenyl-carbmol.  In  commerce  it  occurs  really  as 
various  salts  (sulphates,  oxalates,  &c.),  or  zinc  double 
salts  of  the  colour-base,  and  is  sold  under  a  variety  of  names 
eg      Malachite     Green    [3(C,3H,,N,-HCl)2ZnCl,-2H,01 

^P  T?'4  ^^S^.?.  ?.^^'^^'  ^""^^^)'  ^^^^^  «^  ^^«*  Green 
2C,3H  N,-3C  H,OJ  (L.  CasseUa  &  Co.),  Victoria  Green 
(Badische  Anilin  and  Soda  Fabrik),  Benzoyl  Green  New 
Green,  &c.  Closely  allied  colouring  matters  possess- 
ing similar  dyeing  properties,  are  those  derived  from 
diet/iyl-amlme,  and  known  as  Ethyl  Green,  Fast  Green  J 
New  Victoria  Green  OG  (basf).  Brilliant  Green,  &c[ 
Ihey  give  yellower  shades  of  gi-een  than  those  derived 
trom  dimethyUnilme.  In  dyeing  with  all  these  greens, 
the  temperature  of  the  dye-bath  may,  if  necessary,  be 
raised  to  100°  C.  without  injuring  the  colour. 

AppI{catio7i  to  (7o2;^ow.— Prepare  the  cotton  with  tannic 
acid  and  tartar  emetic  (see  p.  230),  wash,  and  dye  in  a 
tresh  bath.     The  dye-solution  may  be  cold  or  it  may  be 
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heated  gradually  to  a  temperature  not  exceeding  60"  C. 
Add  the  colour-solution  (2 — 1  per  cent)  gradually.  The 
dye-bath,  which  is  sometimes  very  slightly  acidified  \iith 
acetic  acid,  is  not  exhausted,  and  shoidd  be  preserved  for 
fresh  lots  of  material 

For  bright  shades,  the  cotton  may  be  prepared  with 
sulphated  oil  and  aluminium  sulphate  («-?«  p.  236). 

For  vello"w  shades  of  crreen  add  to  the  dye-bath 
Auramine  or  other  basic  yellow  colouring  matter.  One 
may  also  mordant  with  aluminium,  fix  with  phosphate 
of  soda,  and  dye  first  with  Quercitron  Bark  and  then 
with  Beuzaldehyde  Green  in  a  separate  batL 

Jute  is  dyed  with  this  and  all  basic  colouring  matters 
without  being  mordanted. 

Application  to  Wo<-J.  —  Dye  in  a  neutral  bath,  ».«., 
without  any  other  addition  than  the  colour-solution.  The 
custom  of  adding  soap  to  the  dye-bath  is  not  to  be  recom- 
mended, because  of  the  formation  of  insoluble  sticky  zinc 
soap.  An  addition  of  at  most  1 — 2  per  cent  of  sul- 
phuric acid,  168' Tw.  (Sp.  Gr.  I'Si).  alum,  or  other  acid 
salt,  may  be  made  under  special  circumstances.  The 
colour  shows  a  great  tendency  to  rub  off,  and  does  not 
withstand  the  action  of  milling  or  of  light.  Better  results 
in  all  these  respects  are  obtained  by  mordanting  the  wool 
previously  with  thiosulphate  of  soda,  according  to  the 
method  given  for  Methyl  Green  {see  p.  384). 

Application  to  Silk. — Dye  at  a  temperature  of 
5(y> — 60'  C.  in  a  bath  containing  a  small  quantity  of  soap, 
or  "  boiled-off "'  liquor.  Sc'metimes  a  little  sulphuric  acid 
is  added  to  the  bath.  Wash  well,  bi-ighten  in  a  cold  bath 
very  slightly  acidulated  with  acetic  acid,  and  dry. 

For  yellow  shades  of  gi-een,  add  to  the  dye-bath 
Auramine  or  other  basic  vellow colourLnoj  matter.  If  Picric 
Acid  or  other  acid  colour  is  used,  it  must  be  added  to  the 
brightening  bath,  taking  care  not  to  use  any  excess  of 
acetic  acid,  otherwise  the  green  will  be  stripped  off  It 
is  better  to  dry  the  silk  at  once  after  brightening,  in 
order  not  to  remove  any  Picric  Acid  by  rinsing. 
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^  314.  Acid  Green. — Several  acid  greens  are  met  with 
m  commerce,  bearing  such  names  as  Helvetia  Green  (Soc 
Cham.  Ind.,  Basle),  Acid  Green  (Poirrier),  Light  Green  S 
(BASF),  Giimea  Green  (Act.  GeselL,  Berlin),  &c.  They 
are  sodmm  or  calcium  salts  of  the  sulphonic  acids  of  the 
base  of  one  or  other  of  the  Benzaldehyde  Greens. 

As  their  name  impHes,  they  requii-e  to  be  applied  in 
an  acid  bath.  Their  dyeing  power  is  less  than  that  of 
the  Benzaldehyde  Greens,  but  employed  with  other  acid 
colours  they  are  extremely  useful  for  producing  compound 
shades.     They  are  not  suitable  for  dyeing  cotton. 

Application  to  TToo?.— Dye  with  the  necessary  amount 
^T.oo'i''''''  l^^  ^— ^  *^^^^  its  weight  of  sulphuric  acid 
Ibb  Tw.  (Sp.  Gr.  1-84)  added.  An  addition  of  10—20 
per  cent,  of  sodium  sulphate  may  also  be  made  if  there  is 
any  tendency  to  uneven  dyeing.  Raise  the  temperature 
gradually,  to  near  the  boiling  point. 

Ap2)Iicatio7i  to  Silk— Bye  at  a  temperature  of  50^  0 
with  the  addition  of  "boiled-off "  liquor  slightly  acidified 
with  sulphuric  acid. 

315.  Alkali  Green,  Viri  din.  —  This  colouring 
matter,  derived  from  diphenylamine  by  the  Malachite 
Green  process,  or  prepared  by  oxidising  benzyl-diphenyl- 
amme  with  chloranil,  is  only  of  limited  use.  Bein-  a 
sodium  sulphonate  of  the  colour-base,  its  dyeinc^  proper- 
ties are  simQar  to  those  of  Alkali  Blue,  and  it  is  applied 
m  exactly  the  same  way  (see  p.  379).  Pleasing  greenish 
shades  of  blue  may  be  obtained  on  wool  by  using  mixtures 
of  Alkah  Blue  and  Alkali  Green. 

316.  Magenta.     o\^^^^ 

This  colouring  matter,  sometimes  called  Roseine,  Ponceau, 
i.ubme,  (fcc,  IS  usually  the  hydrochloride  or  the  acetate  of 
the  organic  base  tolyl  -  diphenyl  -  triamido  -  carbinol  or 
rosanihne.  Various  bye-products,  containing  impure 
Magenta,  are  sold    under  difi'erent  names,  e.g.,   Cerise 
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Grenadine,  Cardinal,  Amarantli,  <fcc.  None  of  these 
yield  dyes  which  are  fast  to  light. 

Application  to  Cotton.  — Prepare  the  cotton  with  tan- 
nic acid,  aud  either  tartar  emetic  or  stannic  chloride 
{see  p.  230),  wash  well,  and  dye  in  a  separate  bath  at 
45° — 50°  C.  Add  the  colour  solution  to  the  bath  gradually. 
In  conjunction  with  other  basic  colouring  matters,  e.g.^ 
Chryoidine,  Xeutral  Violet,  (fcc,  numerous  compound 
shades  (claret,  bordeaux,  <fcc.)  can  be  obtained. 

Brighter  colours  are  obtained  by  mordanting  the 
cotton  with  sulphated  oil  and  aluminium  sulphate  {see 
p.  236),  but  they  are  not  so  fast  to  soap  as  those  fixed 
by  means  of  tannic  acid.  Both  methods  are  applicable 
to  all  basic  colouring  matters. 

Application  to  Wool. — Dye  in  a  neutral  bath.  Heat 
gradually  to  90°  0.  With  the  addition  of  2 — 4  per  cent, 
of  soap,  the  colour  obtained  is  brighter ;  but,  in  this  case, 
the  bath  cannot  be  exhausted,  and  shoidd  be  preserved, 
if  possible,  for  subsequent  lots  of  woollen  material.  This 
is  the  general  mode  of  dyeing  with  all  basic  colouring 
matters. 

The  colour  bleeds  in  milling,  and  is  not  suitable  for 
"  Tweed-yams,"  kc. 

Application  to  Silk. — Dye  at  50" — 60"  C.  in  a  weak, 
fresh,  soap  bath,  adding  the  colour  solution  gradually. 
Wash  and  brighten,  for  yellow  shades,  in  a  bath  slightly 
acidulated  with  acetic  or  tartaric  acid ;  for  blue  shades 
acidify  with  sulphuric  acid. 

317.  Acid  Magenta. — This  colouiing  matter  is  the 
sodium  salt  of  the  trisulphonic  acid  of  rosaniline.  It  has 
only  about  half  the  colouring  power  of  Magenta,  and  is 
not  applicable  in  cotton-dyeing. 

Application  to  Wool. — Dye  in  a  bath  acidified  with 
2—4  per  cent,  of  sulphuric  acid,  168^  Tw.  (Sp.  Gr.  1-84), 
with  the  addition  of  20 — 30  per  cent,  of  sodium  sulphate 
if  there  is  any  tendency  to  iiTegular  dyeing.  Introduce 
the  textile  material  at  40"  C,  raise  the  temperature  to 
100'  C.  in  40  minutes,  and  boil  20—30  minutes.      This 
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is   the   general   mode   of   dyeing  with  all  similar   acid 
colours. 

Acid  Magenta  is  much  used  in  conjunction  with  other 
colouring  matters  applied  in  an  acid  bath,  for  dyeing 
compound  shades.  The  colour  it  yields  is  decolorised  by 
the  action  of  alkalis,  and  is  not  suitable  for  goods  re- 
quiring to  be  milled. 

Application  to  Silk— Dye  in  a  bath  containing 
"boiled-off"  liquor  slightly  acidulated  with  sulphuric 
acid.     Add  the  colour  solution  gradually. 

(  CeH4-NH(C,H,) 

318. 1.  SpiritBlues:  RosanilineBlue.  C  ]  §lf.cHj^'^'^ 

This  colouring  matter,  in  its  purest  form,  is  the  hydro- 
chloride of  tri-phenyl-rosaniline.  According  to  its  purity, 
this  blue  yields  shades  which  vary  from  a  dull  reddish- 
blue  to  a  pure  sky-blue.  The  redder  shades  are  marked 
R  (Dahlia,  Parma  Blue,  (fee),  while  those  marked  5  B  and 
6  B  (Opal  Blue,  Lyons  Blue,  &c.)  give  the  purer  shades. 
Intermediate  products  are  marked  B,  2  B,  3  B  4  B 
(Humboldt  Blue,  Imperial  Blue,  Gentiana  Blie,  &c.). 

(  C,H,-NH(C,H,) 
Diphenylamine  Blue.    C  <  &54-NH(CeH5) 

(  NH-CgHs-Cl 
This  colouring  matter,   derived   from  diphenylamine  is 
considered   as   the    hydrochloride   of   tri  -  phenyl  -  para- 
rosaniline.    It  is  a  somewhat  finer  but  also  more  expensive 
blue.  ^ 

Methyl  and  Ethyl  Blue.— These  are  methyl  and 
ethyl  derivatives  of  Diphenylamine  Blue,  and  are  dis- 
tinguished by  the  extreme  purity  of  the  greenish-blue 
colour  which  they  yield. 

These  spirit  colours  are  dissolved  in  40—50  times 
their  weight  of  methylated  spirit,  sometimes  with  the 
addition  of  a  very  little  sulphuric  acid.  Use  a  narrow- 
necked  vessel,  and  heat  by  placing  it  in  hot  water. 

Application  to  (7o«on.— The  cotton  is  prepared  with 
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oleate   of   alumina.     Work   the    bleached    cotton   in   a 

hot  (60°  C.)  soap  bath  (60 — 100  gi^ams  of  soap  per  kilo, 
of  cotton),  squeeze  and  -work  in  a  cold  bath  of  aluminium 
acetate,  S^Tw.  (Sp.  Gr.  1'04),  and  squeeze.  Repeat  these 
operations  three  times,  and  dye  in  a  fresh  bath.  One 
may  also  work  the  soaped  cotton  at  once  in  a  dye- 
bath  to  which  aluminium  acetate  has  l^een  added.  Add 
the  colour  solution  in  small  portions,  and  heat  gi*adually 
to  the  boiling  point.  Wash  well  in  cold  water,  and  pass 
finally  through  a  weak  soap  bath  heated  to  60°  C,  to  which 
a  little  acetic  acid  has  been  added  till  it  just  begins  to 
show  signs  of  turbidity. 

Cotton  may  also  be  prepared  with  tannic  acid,  and 
dyed  in  a  fi^esh  bath  containing  colour-solution  and 
acidified  with  alum. 

Application  to  Wool — Dye  with  1 — 5  per  cent  of 
colouring  matter  (or  more  if  necessary),  with  the  addition 
of  4—8  per  cent,  of  sulphuric  acid,  168"Tw.  (Sp.  Gr.  1-84), 
and  10 — 20  per  cent,  of  sodium  sulphate.  Enter  the  wool 
at  50"— 60°  C.,  heat  up  rapidly  to  100^  C,  and  boil  half 
an  hour,  or  lonsrer  if  necessary.  The  acid  and  also  the 
colour  solution  should  be  added  gradually  to  the  bath, 
and  in  small  portions  at  a  time,  in  order  to  ensure  a 
regular  colour.  Instead  of  sulphuric  acid  one  may  also 
acidify  with  10 — 12  per  c^nt.  of  alum. 

When  the  red  shades  of  blue  are  used,  the  addition  of 
sulphuric  acid  gives  the  best  colour;  with  the  purer 
blues  brighter  shades  are  obtaiued  with  the  iLse  of 
alum.  , 

Owing  to  their  insolubihty,  Spiiit  Blues  are  very  apt 
to  dye  unevenly,  but  they  are  pi*efeiTed  by  yam-dyers 
when  the  goods  have  subsequently  to  )ye  milled- 

AppJicafio7i  to  SilJc. — Introduce  the  silk  into  a  tepid 
bath  containing  "boiled-ofi"  liquor"  acidified  with  sulphuric 
acid.  Add  the  colour  solution  by  degrees,  heat  gradually 
to  100°  C,  and  dye  at  this  tempei-atm^.  Wash  in  cold 
water  and  brighten  with  dilate  sulphuric  acid. 

319.  II.  Soluble  Blues.— The  Soluble  Blues  o:enei^nv 
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consist  of  the  ammonium  or  sodium  salts  of  the  di-  and 
^r^-sulphonic  acids  of  Eosaniline  or  Diphenylamine  Blues. 
They  vary  considerably  in  purity  of  colour,  and  are 
marked  R,  B,  2  B,  6  B,  &c.  The  redder  shades  are 
known  by  such  commercial  names  as  Serge  Blue,  Kavy 
Blue,  Blackley  Blue,  &c.,  while  those  of  purer  tone  are 
known  as  China  Blue,  Night  Blue,  Soluble  Blue,  Water 
Blue,  Cotton  Blue,  ka. 

Application  to  Cotton. — The  cotton  is  prepared  with 
tannic  acid  and  tartar  emetic,  and  dyed  at  60° — 70°  C, 
in  a  separate  bath,  slightly  acidulated  with  alum. 

Light  shades  of  blue  are  frequently  dyed  without  any 
previous  preparation. 

The  method  given  for  Spiiit  Blue  may  also  be  used. 

Another  method  recommended  is  to  work  the  cotton 
at  60°  C.  in  a  bath  containing  the  colour  solution  and 
3  per  cent,  of  stannate  of  soda.  When  the  cotton  is 
properly  saturated,  acidify  the  solution  with  sulphuric 
acid,  and  work  ^  hour  longer. 

In  all  cases  the  dye-bath  should  be  preserved,  since 
not  only  is  the  bath  never  completely  exhausted,  but 
further  lots  dyed  in  the  same  bath  have  also  a  brighter 
colour. 

Application  to  Wool. — Dye  as  in  the  same  manner  as 
with  Spirit  Blues. 

Application  to  Silk. — Dye  as  with  Spirit  Blues. 

320.  Alkali  Blue. — This  is  a  special  kind  of  Soluble 
Blue;  it  consists  essentially  of  the  sodium  salt  of  the 
97io?zo-sulphonic  acid  of  Bosaniline  Blue.  Both  red  and 
blue  shades  are  met  with ;  they  are  marked  accordingly 
with  R,  B,  &c.,  or  they  have  such  names  as  Guernsey  Blue, 
Fast  Blue,  Nicholson's  Blue,  &c.  The  red  shades  are  faster 
than  the  blue  shades,  both  to  light  and  to  the  action  of 
dilute  alkalis  in  milling,  &c. 

Alkali  Blues  are  not  applicable  in  cotton-dyeing. 

Applicatio7i  to  Wool.  — Wool  must  always  be  dyed  with 
Alkali  Blue  in  a  slightly  alkaline  bath  (hence  the  name). 
The  wool  takes  it  up  in  the  form  of  a  colourless  sodium 
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salt.  The  development  of  the  colour,  i.e.,  the  precipita- 
tion on  the  fibre  of  the  blue-coloured  mono-sulphonic  acid, 
is  effected  in  a  separate  and  slightly  acid  bath.  The 
water  of  the  dye-bath  should  be  as  free  from  lime-salts 
as  possible,  since  the  lime  compound  of  the  mono-sul- 
phonic acid  is  insoluble. 

In  dyeing  wool,  add  to  the  dye-bath  the  amount  of 
colour  solution  requisite  to  obtain  the  desired  shade  (say 
0'5 — 5  per  cent.),  and  dissolve  in  it  also  4 — 8  per  cent. 
of  carbonate  of  soda  (crystals).  Introduce  the  wool 
into  the  bath  at  40°  C,  heat  rapidly  to  80°  or  100°  C, 
and  boil  h — J  hour.  It  is  then  taken  out,  washed  well 
in  water,  and  transferred  to  a  bath  containing  water 
slightly  acidulated  with  sulphuric  acid  (5  per  cent,  of 
sulphuric  acid,  168'^  Tw.).  It  is  worked  in  this  bath  for 
15 — 20  minutes  at  60''  0.,  until  the  colour  is  fully  de- 
veloped, and  is  then  washed  free  from  acid.  If  the 
first  bath,  or  the  dye-bath  as  it  may  be  called,  is  sufii- 
ciently  alkaline,  the  wool  acquires  therein  only  a  very  pale 
bluish  tint,  but  on  passing  it  into  the  second  bath,  which 
may  be  named  the  acid  or  developing  bath,  the  blue  is 
at  once  developed.  The  dye-bath  is  never  exhausted, 
and  should  always  be  preserved.  For  succeeding  lots 
of  wool  add  proportionately  less  of  both  colour  solution 
and  carbonate  of  soda.  Instead  of  carbonate  of  soda, 
borax  or  strong  ammonia  solution  may  be  used.  Under 
no  circumstances  whatever  should  the  sulphuric  acid 
be  added  to  the  dye-bath,  otherwise  the  colour-acid  will 
be  precipitated.  In  order  to  preserve  uniformity  of  dye 
in  several  lots  of  material,  it  is  very  advisable  not  to 
develop  different  shades  of  blue  in  the  same  acid-bath. 
The  acid-bath  should  never  be  employed  at  a  temperature 
above  80°  C,  otherwise  the  blue  is  less  brilliant. 

In  order  to  match-off  any  given  shade,  a  small  sample 
of  the  woollen  material  must  occasionally  be  taken  from 
the  bulk  during  the  dyeing  operation,  and  passed  through 
warm  dilute  acid  to  develop  the  blue.  Only  in  this  way 
is  it  possible  to  regulate  what  amount  of  colour  solution 
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should  be  added  to  the  dye-bath,  and  to  determine  the 
duration  of  the  dyeing  operation. 

Many  Alkali  Blues  are  not  improved  in  colouring 
power  by  an  addition  of  carbonate  of  soda  to  the  dye- 
bath  ;  they  seem  to  be  already  sufficiently  alkaline,  while 
others  give  even  inferior  colours  if  the  addition  is  made. 
In  all  cases  a  large  excess  of  alkaline  salt  is  to  be 
avoided,  since  it  tends  to  impoverish  the  colour. 

Colours  said  to  be  somewhat  faster  to  milling  are  ob- 
tained by  adding  zinc  sulphate  or  alum  to  the  acid-bath, 
since  these  salts  form  insoluble  lakes  with  the  colouring 
matter. 

Alkali  Blue  may  be  employed  for  the  purpose  of 
obtaining  compound  colours,  by  using  it  in  conjunction 
with  various  acid-colours,  e.g.,  Crocein  Scarlet  or  Orange, 
&c.  In  these  cases  the  acid  bath  is  dispensed  with,  and 
after  dyeing  with  Alkali  Blue  and  washing,  the  wool  is 
at  once  worked  in  the  dye-bath  of  the  acid-colour,  with 
the  necessary  additions.  The  development  of  the  blue, 
and  the  dyeing  of  the  scarlet,  orange,  &c.,  thus  take  place 
simultaneously. 

Application  to  Silk. — Silk  is  dyed  like  wool,  but  it  is 
preferable  to  use  borax  in  the  dye-bath  instead  of  carbonate 
of  soda  or  ammonia. 

C  C6H,-NH(CeH,) 

321.  Rosaniline  Violets.    C  ]  c'I^chJ^'^'^ 

These  violets,  also  called  by  such  names  as  Phenyl  Violet, 
Spirit  Violet,  Parma  Violet,  Imperial  Violet,  (fcc,  are 
liydrochlorides  of  mono-  and  di-phenyl-rosaniline.  They 
find  now  only  a  limited  use,  being  less  bright  than  the 
Methyl  Violets  ;  they  are,  however,  said  to  be  somewhat 
faster  to  light  and  to  milling,  and  may  be  used  with 
advantage  when  a  dull,  moderately  fast  violet  is  required, 
e.g.,  in  felt-hat  dyeing. 

Closely  related  to  Rosaniline  Violet  is  the  so-called 
Regina  Purple  (Brook,  Simpson,  and  Spiller). 
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Application  to  Cotton. — Pi-epai-e  the  cotton  with  tannic 
acid  and  tartar  emetic,  and  dye  in  a  bath  slightly  acidulated 
with  stdphnric  acid  or  aluni. 

Application  to  Wool. — Dye  at  60° — 80°  C.  in  a  colour 
solution  acidulated  with  -i  per  cent,  of  sulphuric  acid, 
168'  Tw.  (5p.  Gr.  1-81).  Since  these  are  basic  colouring 
matters,  the  need  of  acidulating  the  bath  is  noteworthy. 

Application  to  Silk.—Dje\t  60°— 80=  C.  in  a  bath 
containing  boiled-off  liquor,  slightly  acidulated  with  sxd- 
phuric  acid. 


aH/XHCH^ 


322.  Hofmann-s  Violet.     C  •  c'h -CH  ^^' 

f  XHCH.a 


This  colouring  matter,  also  called  Dahlia,  Primula,  «fcc, 
is  considered  as  the  hydrochloride  of  the  base  trimethyl- 
rosaniline  :  it  is  only  used  for  red  shades  of  violet,  the 
bluish  violets  beincr  better  obtained  from  the  Methvl 
Violets.     The  colour  it  yields  is  not  fast  to  light. 

Application  to  Cotton. — Prepare  the  cotton  with  tannic 
acid  and  tartar  emetic,  or  \nxh.  sulphated  oil  and  alu- 
minium acetate;  wash  and  dye  at  -1:5° — 50°  C.  in  a 
neutral  bath. 

Application  to  Wool— Dye  at  60° — 80°  C.  in  a  neutral 
bath,  or  with  the  addition  of  2 — 4  per  cent  of  soap. 

Application  to  Silk. — Dye  at  50' — 60'  C.  in  a  bath  con- 
taining soap  or  "boiled-off'"  liquor,  with  or  without  the 
addition  of  a  little  sulphuric  acid.  Wash  and  brighten 
in  a  bath  slightly  acidulated  with  acetic  or  tartaric  acid. 

323.  Methyl  Violet.    C  ]  l^'^  >^'^^'« 

(  XH-CHs-a 
This  colouring  matter,  also  called  Paris  Violet,  is  con- 
sidered as  the  hydi'ochloride  of  penta-methyl-para-ros- 
aniline.  "Various  brands  are  sold — e.g.,  Methyl  Violet  R, 
B,  3  B,  «tc. — according  as  they  yield  red  or  blue  shades 
of  violet. 

Some  of  the  Methvl  Violets  are  zinc  double  salts,  and 
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are  then  sold  in  the  crystalline  state;   with  these  the 
addition  of  soap  to  the  dye-bath  raust  be  strictly  avoided 
The  methods  of  applying  them  to  the  textile  fibres 
are  identical  with  those  employed  for  Hofmann's  Violet. 

324.  Benzylrosaniline  Violet. — This  colouring  matter 
is  the  benzyl  (O^H-)  derivative  of  Methyl  Violet.  The 
most  highly  benzylated  product  is  generally  sold  as  Methyl 
Violet  6B,  and  by  mixing  this  in  different  proportions  with 
Methyl  Violet  B,  the  various  marks  of  Methyl  Violet  2B, 
3B,  4B,  5B  are  obtained. 

Benzyl  Violet  yields  much  bluer  shades  of  violet  than 
Methyl  Violet,  although  the  method  of  its  application  to 
the  various  fibres  is  very  similar.  It  bears  the  addition 
of  a  little  sulphuric  acid  to  the  dye-bath  better  than 
Methyl  Violet. 

Alkali  Violet  (Meister,  Lucius,  &  Briining)  is  applied 
in  the  same  manner  as  Alkali  Blue. 

(  CQHo^CH3}-XH(CH3)S03Xa 

325.  Acid  Violet  4  RS.      ^  )  CgH^-XHlCHsjSOaXa 

(BASF).  ^  )  CgHgSOsNa 

This  colouring  matter  is  the  sodium  salt  of  di-methyl- 
rosaniline-tri-sul  phonic  acid. 

Acid  Violet  5  RS  (basf)  is  the  corresponding  mono- 
methyl  compound. 

Acid  Violet  6  B  (basf)  is  the  corresponding  benzyl- 
methyl  compound. 

These  colouring  matters,  sold  by  several  manufac- 
turers with  different  brands,  are  adapted  only  for  wool 
and  silk,  and  are  applied  in  the  same  manner  as  Acid 
Magenta.  They  are  useful,  in  conjunction  with  other 
acid  colouring  matters,  for  producing  compound  shades. 

(  QH,-X(CH3)o 

326.  Methyl  Green,     c  ]  g^g^"^  ^^^^^-^'^^^'Cl 

(  XH-CH3-C1 
This  colouring  matter  may  be  regarded  as  the  methyl 
chloride    compound    of   Methyl   Violet.      It    occurs    in 
commerce  in  the  crystalline  state  as  a  zinc  double  salt. 
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Although  still  used,  it  has  been  very  largely  supplanted 
by  the  Acid  and  Benzaldehyde  Greens,  since  these  are 
much  cheaper,  and  offer  certain  advantages  in  point  of 
application  and  stability. 

Application  to  Cotton. — Dye  in  the  same  manner  as 
with  Benzaldehyde  Green. 

Application  to  Wool. — Owing  to  the  weak  attraction 
which  wool  has  for  Methyl  Green,  it  is  necessary  that  it 
should  be  mordanted  previous  to  being  dyed  with  tliis 
colouring  matter.  The  ordinaiy  mordants,  however,  are 
of  no  use,  and  recourse  is  had  to  the  singular  and  strong 
affinity  which  amorphous  sulphur  has  for  Methyl  Green. 

The  wool  is  mordanted  in  a  bath  containing  10 — 20 
per  cent,  of  thiosulphate  of  soda  (usually  called  hyposul- 
phite of  soda)  and  acidified  with  5 — 10  per  cent,  of  sul- 
phuiic  acid,  168^  Tw.  (Sp.  Gr.  1"84),  or  hydrochloric  acid, 
32^  Tw.  (Sp.  Gr.  M6).  Introduce  the  wool  into  the 
milky  liquid  at  40^  C,  raise  the  temperature  gi'adually  to 
S0°  C.  in  the  course  of  an  hour,  then  wash  well.  Dye 
at  50° — 60°  C.  in  a  separate  bath  containing  Methyl 
Green  and  2 — 4  per  cent,  of  borax  or  acetate  of  soda. 

The  addition  of  these  latter  salts  to  the  dye-bath  has 
the  effect  of  neutralising  the  acid  remaining  in  the  wool 
after  washing  :  if,  however,  previous  to  dyeing,  the  wool 
is  worked  for  about  a  quarter  of  an  hour  at  70°  C.  in  a 
weak  solution  of  carbonate  of  soda  or  ammonia,  their  ad- 
dition to  the  dye-bath  is  unnecessaiy. 

The  shade  produced  by  Methyl  Green  is  always  bluish, 
and  if  the  temperature  of  the  dye-bath  is  liaised  to  100°  C. 
it  becomes  still  bluer,  owing  to  a  portion  of  the  colouring 
matter  decomposing  at  this  temperature  with  elimination 
of  methyl  chloride  and  the  production  of  Methyl  Violet ; 
the  effect  obtaiaed  is  that  of  a  mixture  of  green  and  violet, 
namely,  blue  (Peacock  blue).  If  it  is  desired  to  obtain  j'^el- 
lower  shades  of  green,  Picric  Acid  may  be  added  to  the  dye- 
bath,  but  since  this  only  dyes  in  an  acid-bath  (a  condition 
which  is  prejudicial  to  the  dyeing  property  of  Methyl 
Green)  one  must  add  also  a  small  proportion  of  acetate  of 
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zinc.  This  salt  is  gradually  decomposed  by  the  suljDliur 
already  fixed  on  the  wool,  and  the  liberated  acetic  acid 
causes  the  Picric  Acid  to  dye,  while  it  does  not  prevent 
the  Methyl  Green  from  doing  so.  The  zinc  sulphide  pro- 
duced, acts  as  a  mordant  for  the  Methyl  Green  in  the 
same  manner  as  the  sulphur.  Should,  however,  the 
Methyl  Green  dye  slowly,  from  over- acidity  of  the  bath, 
the  addition  of  a  little  acetate  of  soda  is  necessary. 

It  is  essential  that  in  the  operations  of  mordanting 
and  dyeing,  the  use  of  metal,  either  in  the  dye-vessels 
tliemselves  or  in  the  utensils  employed,  should  be  strictly 
avoided,  otherwise  the  wool  may  acquire  a  dark 
colour,  or  be  spotted,  by  the  production  of  metallic  sul- 
phides. 

Application  to  Silk. — Dye  exactly  as  in  the  case  of 
Benzaldehyde  Green. 

327.  Auramine  (basf)  (Soc  of  Chem.  Ind.,  Basle). 
[C6H^X(CH3)2]2  -C-^^H-HCl.— This  yellow  colouring 
matter  is  the  hydrochloride  of  tetra-methyl-diamido- 
benzo-phenon-imide.  It  is  particularly  useful  to  the 
cotton-dyer,  and  is  said  to  resist  the  action  of  light  and 
soap  solutions  fairly  well,  but  is  readily  affected  by 
chlorine.  It  should  be  dissolved  in  hot  water,  but  the 
solution  should  not  be  boiled,  since  the  colouring  matter 
is  thereby  decomposed.  It  is  useful  for  producing  com- 
pound shades  in  conjunction  with  other  basic  colouring 
matters,  e.g.,  Safranine,  Benzaldehyde  Green,  etc. 

Application  to  Cotton. — Mordant  the  cotton  with 
tannic  acid  and  tartar  emetic,  and  dye  in  a  separate  bath. 
Introduce  the  cotton  into  the  cold  colour  solution,  and 
raise  the  temperature  of  the  bath  to  40^ — 50^  C. 

Application  to  Wool. — Dye  in  a  neutral  bath.  Enter 
cold  and  heat  gradually  to  70"^  C.  Better  colours  are 
said  to  be  obtained  if  the  wool  is  previously  mordanted 
with  sulphur,  after  the  manner  in  vogue  for  Methyl 
Green. 

AptjMcation  to  Silk. — Dye  in  the  same  manner  as  with 
Magenta. 
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rC,H,X'C,H5), 

328.  Ethyl  Purple  6  B  (basf).    c]  cJhI^'^"^'^ 

This  colonring  matter  is  the  hydrochloride  of  hexa-ethyl- 
para-rosaniline.  It  is  the  bluest  shade  of  violet  at 
present  known,  and  is  applied  to  the  various  fibres  in  the 
same  wav  as  Hofmann's  Violet. 

C  C,H,X'CH3), 

329.  Crystal  Violet  5  BO  (basf).    C  ]  ^§^^  ^^'- 

This  colouring  matter  is  the  hvdrochloride  of  hexar 
methyl-para-rosaniline.  It  is  applied  to  various  fibres  like 
Hofmann's  Violet,  over  which  it  possesses  the  advantage 
of  gi-eater  colouring  power,  of  extreme  solubility  in  water, 
and  of  having  no  tendency  to  produce  a  bronze  scum  on 
the  surface  of  the  dye  liquor  or  on  the  dyed  material 

330.  Victoria  Blue  4  R     q)  cI^A^-s'^crI  C^K^) 

(BASF).  i  ^^^4 

This  colouring  matter  is  the  hydrochloride  of  penta- 
methyl-phenyl-triamido-diphenyl-a-naphthyl-carbinol.  It 
is  applied  to  the  various  fibres  in  the  same  manner  as 
Hofmann's  Violet.  TVool  and  silk  may  be  dyed  with  the 
addition  of  a  little  acetic  or  sulphuric  acid  to  the  bath,  in 
the  same  manner  as  acid  colours.  The  dyeing  power  is 
thereby  somewhat  lessened  and  the  bath  is  not  so  well 
exhausted,  but  the  colour  obtained  seems  brighter. 

331.  Victoria  Blue  B  (basf).     C  )  CaA-XH-iC^H^ 

(  X',CH3)2  CI 
This   is   the   tetra-methyl    compound    corresponding    to 
Victoria  Blue  4  R,  and  may  be  applied  in  the  same  way. 

332.  Night  Blue  (basf).  This  colouring  matter  is 
closely  related  to  the  last,  and  is  applied  to  the  textile 
fibres  in  a  similar  manner.  It  requires  to  be  dissolved 
in  dilate  acetic  acid  to  prevent  decomposition  on  boiling. 
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333.  Phosphine  [C^^Hi^Ng-HCl].— This  orange  colour- 
ing matter  (said  to  be  a  quinoline  derivative)  is  the 
hydrochloride  of  the  base  chrysaniline.  Its  dyeing 
properties  are  similar  to  those  of  Magenta,  and  it  is 
applied  to  the  textile  fibres  in  the  same  manner. 

It  finds  only  a  limited  use  in  wool-  and  silk-dyeing 
because  of  its  expense. 

334.  Rosolane  [Co:H2,N9-HCl].— This  colouring  mat- 
ter is  the  hydrochloride  of  the  base  mauveme  ;  it  is, 
indeed,  the  original  Perkin's  Violet.  It  is  sold  at  the 
present  time  in  the  form  of  a  paste. 

Its  method  of  application  is  similar  to  that  of  the 
Methyl  Violets.  Although  itself  not  requiring  a  mordant, 
it  may  be  used  in  conjunction  with  polygenetic  colouring 
matters  for  the  production  of  compound  shades.  It 
is  used  as  a  substitute  for  Orchil  or  Ammoniacal  Cochi- 
neal in  the  production  of  bright  greys. 

h.  Induline  and  Safranine  Group. 

335.  Indulines. — These  comprise  a  number  of  colour- 
ing matters  made  by  difierent  processes,  but  all  possessing 
somewhat  similar  dyeing  properties.  They  are  known  by 
a  variety  of  commercial  names,  e.g.,  Violaniline,  Xigro- 
sine,  Elberfeld  Blue,  Bengaline,  Aniline  Grey,  Coupler's 
Blue,  Roubaix  Blue,  itc. 

Those  used  for  cotton-dyeing  are  insolub]e  in  water, 
and  require  to  be  dissolved  in  methylated  spii'it.  These 
Spirit  Indulines  are  hydrochlorides  of  a  colour-base,  e.g., 
violaniline,  triphenyl-violaniline,  kc.  For  wool-  and  silk- 
dyeing  they  are  treated  with  strong  sulphuric  acid  ;  they 
are  thus  rendered  soluble  in  water,  and  are  sold  as 
sodium  salts  of  the  corresponding  sulphonic  acids. 

They  all  yield  dark  dull  blue  colours,  not  unlike 
indigo-vat  blues,  to  imitate  which,  they  are  frequently 
employed. 

Apjyhcaiion  to  Cotton. — Prepare  the  cotton  with 
tannic  acid  and  tartar  emetic,  vrash,  and  dye  in  a  separate 
bath  containing  the  colour  solution,  acidified  slightly  with 
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sulphuric  acid  or  by  the  addition  of  alum  (10  per  cent.). 
Dye  at  a  temperature  of  about  60'^  C.  The  bath  is  not 
exhausted,  and  must  be  preserved  for  succeeding  lots  of 
material.     One  may  also  employ  the  indigo-vat  method. 

Applicatwn  to  Wool. — Owing  to  the  precipitation  of 
the  free  sulphonic  acids  of  these  colours  on  the  addition 
of  acid  to  their  solutions,  it  is  extremely  difficult  to  dye 
liglit  shades  evenly  with  them.  They  are  best  adapted 
for  dyeing  dark  shades. 

Add  the  requisite  amount  of  colour-solution  (5 — 15 
per  cent)  to  the  dye-bath,  heat  to  100°  C.  as  rapidly  as 
possible,  enter  the  wool,  and  boil  1 — 1^  hour,  without  any 
other  addition.  Continue  now  to  boil  one  hour  longer, 
during  which  period  add  from  time  to  time  dilute  sul- 
phuric acid  in  small  portions.  Use  5 — 15  per  cent,  of 
sulphuric  acid,  168'^  Tw.  (Sp.  Gr.  1"84;,  according  to  the 
amount  of  colouring  matter  employed. 

The  long  boiling  with  colour  solution  alone,  enables 
the  wool  to  become  thoroughly  permeated  with  the 
colouring  matter  while  still  in  the  soluble  state.  An 
addition  of  5 — 10  per  cent,  of  borax,  carbonate  of  soda, 
or  strong  ammonia  solution  at  tliis  stage  is  beneficial 
The  actual  dyeing  of  the  wool  begins  only  when  the  bath 
is  acidulated ;  the  addition  of  acid  should  always  be 
made  slowly,  so  that  the  wool  may  take  up  the  gradually 
precipitated  colouring  matter  as  evenly  as  possible. 

Wool  is  said  to  dye  much  better  with  Induline  if  it 
has  been  previously  rinsed  in  a  weak  solution  of  bleach- 
ing-powder  and  then  in  dilute  hydrochloric  acid. 

These  colours  have  been  fi'equently  recommended  as 
good  substitutes  for  indigo- vat  blues.  Although  fairly 
fast  to  light,  they  gradually  lose  their  bluish  tint  and 
brilliancy  on  exposure,  and  assume  a  dull  greyish  tone. 
Towards  weak  alkalis  they  are  modei'^tely  fast ;  the 
action  of  acids  they  withstand  perfectly  In  conjunction 
with  other  acid-colours  they  are  useful  for  producing  a 
large  variety  of  compound  shades. 

Application   to   Silk.  —  Dye    in   a   bath    containing 
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"  boiled-oflP"  liquor,  acidified  slightly  with  sulphuric  acid. 
Enter  the  silk  at  60^  C,  add  the  colour  solution  gradually, 
raise  the  temperature  gradually  to  100°  C,  and  boil  half 
an  hour.     Wash  and  brighten  with  dilute  sulphuric  acid. 

336.  Naphthalene  Pink  [C^jHsiXg-HCl  +  H.O]. — 
This  colouring  matter,  also  called  Magdala  Red,  and 
derived  from  amido-azo-naphthalene,  is  the  hydrochloride 
of  the  base  rosa-naphthylamine.  It  is  but  little  used, 
namely,  for  the  purpose  of  obtaining  on  silk  bright  pinks, 
which  have  a  strong  yellowish-red  fluorescence. 

Afjplication  to  Silk — Dye  in  a  bath  containing  "  boiled- 
off "  liquor,  with  or  without  the  addition  of  sulphuric  acid. 
Brighten  with  dilute  sulphuric  or  tartaric  acid.  The 
colour  is  faster  than  that  given  by  Magenta,  Eosin,  or 
Saf ranine  ;  it  is  fast  to  dilute  acids  and  alkalis,  but  not  to 
light. 

337.  Safranine  [CoiH22N4-HCl]. — In  chemical  consti- 
tution this  red  colouring  matter  is  apparently  allied  to 
Magenta,  and  is  the  hydrochloride  of  a  colour-base  safra- 
nine. It  is  applied  to  the  various  fibres  in  the  same 
manner  as  Magenta.  On  wool  the  colour  is  not  fast  to 
light.  Strictly  speaking,  the  name  Safranine  is  given  to 
several  closely-allied  products.  Fuchsia  (Soc.  Ch.  Ind., 
Basle)  is  dimethyl-aniline-saf ranine. 

Application  to  Cotton. — Prepare  the  cotton  with  tannic 
acid  and  tartar  emetic,  wash  and  dye  in  a  neutral  bath 
at  50^  C.  One  may  also  steep  the  cotton  in  a  solution 
of  lead  acetate  (with  or  without  previous  impregnation 
with  a  solution  of  soap),  dry,  and  dye  in  a  neutral  bath 
of  the  colouring  matter ;  the  colour  thus  obtained  is 
objectionable  because  of  the  lead  it  contains.  Fixed 
with  tannic  acid  and  tartar  emetic  the  colour  is  fairly 
fast  to  light. 

Application  to  Wool  and  Silk. — Dye  in  the  same 
manner  as  with  Magenta. 

Neutral  Red — (L.  Cassella  &  Co.). — Tliis  colouring 
matter  and  others  called  Neutral  Blue  and  Neutral  Violet 
being  allied  to  Safranine,  are  all  applied  to  the  various 
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textile  fibres  by  similai'  metLods.  They  yield  dull  shades 
of  red,  blue,  and  violet  respectively,  not  fast  to  light  on 
wool.  They  are  of  little  use  in  -wool-  and  silk-dyeing, 
but  may  be  used  with  advantage  by  the  cotton-dyer  for 
producing  compound  shades. 

New  Blue  D  (L.  Cassella  <fc  Co.). — This  colouring 
matter  gives  a  colour  closely  resembling  that  of  vat- 
indigo  blue,  which  on  cotton  is  extremelv  fast  to  licfht. 
Although  afiected  by  alkalis  it  is  well  adapted  for  cotton- 
dyeing,  and  may  in  many  cases  replace  vat-indigo  blue. 
New  Blue  D  is  frequently  used  in  conjunction  with 
Methylene  Blue  or  other  basic  colouring  matters. 

Application  to  Cotton. — Mordant  the  cotton  with 
tannic  acid  and  tartar  emetic,  and  dye  in  a  neutral  bath 
of  the  colour  solution. 

(c)  Aniline  Black  Group. 

338.  Aniline  Black. — Unlike  other  colouring  matters, 
Aniline  Black  is  not  a  commercial  article.  For  the  pur- 
pose of  the  dyer  it  must  be  produced  upon  the  fibre  itself. 
Little  or  nothing  is  known  of  its  chemical  constitution. 
It  is  a  product  of  the  oxidation  of  a  salt  of  aniline, 
generally  aniline  hydrochloride,  and  appears  to  exist 
in  two  states  of  oxidation.  The  less  oxidised  product  is 
a  blue-black,  somewhat  sensitive  to  the  action  of  acids., 
particularly  sulphurous  acid,  under  the  influence  of  which 
it  acquires  a  greenish  tint.  The  original  colour  can  only 
be  temporarily  restored  by  treatment  with  an  alkaline 
solution.  The  more  highly  oxidised  product  is  a  violet- 
toned  black,  which  is  not  turned  green  by  acids.  This  is 
produced  by  submitting  the  former  to  a  supplementary 
oxidation.  It  is  remarkable  for  its  extreme  fastness  to 
acids,  alkalis,  light,  itc,  and  is  indeed  one  of  the  most 
peruianent  dyes  known. 

339.  Application  to  Cotton. — For  dyeing  cotton 
Aniline  Black  the  most  usual  oxidising  agent  employed  is 
bichromate  of  potash,  or  chromic  acid.  According  to 
the  temperature   at  which    the   dyeiag  is  efiected,  two 
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methods  may  be  distinguished,  namely,  the  warm  method 
and  the  cold  7)ieihod. 

Warm  Method.  —  For  100  kilos,  of  cotton  the  dye- 
bath  contains  the  following  ingredients  :  1,600  litres  of 
water,  40  kilos,  of  hydrochloric  acid  34°  Tw.  (Sp.  Gr.  I'lT), 
10  kilos,  of  aniline,  10 — 14  kilos,  of  bichromate  of 
potash. 

These  proportions  may  be  varied  according  to  the 
particular  shade  of  black  required.  A  portion  of  the 
hydrochloric  acid  may  also  be  replaced  by  an  equivalent 
amount  of  sulphuric  acid.  Use,  for  example,  24  kilos, 
of  hydrochloric  acid,  and.  4 — 6  kilos,  of  sulphuric  acid, 
168°  Tw.  (Sp.  Gr.  1-84).  The  intensity  of  the  colour, 
however,  is  always  regulated  by  the  amount  of  aniline 
employed. 

The  aniline  and  hydrochloric  acid  diluted  slightly  with 
water,  are  carefully  mixed  in  a  suitable  glazed  earthen- 
ware vessel,  and  the  acid  solution  of  aniline  hydrochloride 
thus  obtained  is  added  to  the  dye-bath  previously  filled 
with  cold  water.  The  bichromate  of  potash  is  dissolved 
separately  in  a  little  warm  water  and  added  to  the 
bath. 

The  cotton  is  worked  for  an  hour  in  the  cold  solution, 
until,  indeed,  it  has  acquired  a  considerable  intensity  of 
colour,  after  which  the  temperature  is  gradually  raised  to 
50° — 60°  C.  The  whole  operation  may  last  from  1 — 3 
hours. 

Another  method  is  as  follows:  Dye  the  cotton  in 
the  cold  for  one  hour  with  only  half  the  quantity  of  the 
several  ingredients  added  to  the  bath,  then  add  the  re- 
mainder, and  continue  the  dyeing  in  the  cold  for  an  hour 
longer ;  after  this  raise  the  temperature  gradually  to 
50° — 60°  C.,  and  continue  the  dyeing  for  another  hour. 

The  more  concentrated  the  solution,  and  the  greater  its 
acidity,  the  more  rapidly  does  the  dyeing  take  j^l^ce. 
Excess  of  acid  and  prolonged  heating  tend  to  give  bronze- 
coloured  blacks,  and  much  of  the  colouring  matter  is  only 
superficially  fixed.     If,  however,  the  heating  has  been  of 
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short  duration,  the  black  has  a  bluish  tone,  and  is  liable 
to  become  green  under  the  influence  of  acids. 

It  is  essential  that  the  temperature  of  the  bath  should 
be  raised  very  gradually,  otherwise  there  is  a  great  loss  of 
coloui'ing  matter,  since  mu^h  of  it  is  then  precipitated  in 

the   bath    and    not 
on  the  tibre. 

After  dyeing, 
the  cotton  must  be 
well  washed  witii 
water,  then  boiled 
in  a  solution  of  soap 
containing  5 — 10 
grams  per  litre, 
with  or  without  the 
addition  of  a  little 
carbonate  of  soda, 
and  finally  dried. 

340.  Cold  Me- 
thod. —  According 
to  this  method  the 
dyeing  operation  is 
conducted  entirely 
in  the  cold,  the 
proportions  of  the 
ingredients  and  the 
concentration  of  the 
bath  being  altered 
to  render  this  pos- 
sible. 
For  100  kilogi-ams  of  cotton  use  16 — 20  kilograms  of 
hydrochloric  acid,  20  kilograms  of  sulphuric  acid,  8 — 10 
kilograms  of  aniline,  1-i — 20  kilograms  of  bichromate  of 
potash,  10  kilograms  of  ferrous  sulphate.  The  quantity  of 
wat^r  should  be  very  much  smaller  than  in  the  warm 
method,  otherwise  the  dyeing  would  either  be  incomplete, 
or  would  take  too  long.  '  Fig.  85  represents  an  appa- 
ratus  of   MM.    Tulpin    freres  for    dyeing   cotton   yarn 


Fig.  So.— Aniline  Black  Dyeing  Machine. 
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Aniline  Black.  It  is  specially  designed  so  that  the  hanks 
can  be  properly  manipulated  in  as  little  liquid  as 
possible.  It  consists  of  a  strong  wooden  dye-bath,  about 
two  metres  long,  and  longitudinally  divided  into  two 
compartments,  each  with  rounded  bottom.  Above  are 
two  corresponding  square  rollers,  each  capable  of  holding 
about  five  kilograms  of  cotton  yarn  ;  there  is  also  a  sup- 
port with  two  arms,  on  which  the  rollers  can  be  placed 
either  at  the  end  of  the  dyeing  process  or  for  the  purpose 
of  filling  them  with  yarn  before  beginning.  Several  such 
dye-baths  are  arranged  in  line,  the  rollers  being  turned 
by  power,  alternately  to  right  and  left,  in  order  to  avoid 
entano-lement  of  the  hanks.  The  use  of  such  a  machine 
saves  labour,  prevents  the  corrosion  of  the  workmen's 
hands  by  the  chromic  acid,  and  gives  a  more  regularly 
oxidised  black. 

It  will  be  noticed  that  the  proportions  of  bichromate 
of  potash  and  acid  employed  in  the  cold  method  are  larger 
than  in  the  warm  method  ;  this  is  in  order  to  facilitate  the 
oxidation  of  the  aniline  salt  at  the  lower  temperature. 
The  addition  of  the  sulphuric  acid  has  a  similar  effect,  but 
it  also  tends  to  yield  ultimately  a  more  pleasing  tone 
of  black.  The  use  of  hydrochloric  acid  produces 
blue-blacks,  while  sulphuric  acid  alone  gives  such  as  are 
of  a  reddish  hue.  The  addition  of  the  ferrous  sulphate 
is  for  the  purpose  of  rendering  the  black  less  liable  to 
turn  green ;  of  course  in  the  bath  it  is  changed  to  ferric 
suljohate,  and  this  acts  as  an  oxidising  agent. 

The  method  of  preparing  the  dye -bath  for  the  cold 
method  is  similar  to  that  already  described.  The  aniline 
hydrochloride  is  previously  made  by  mixing  the  aniline 
and  hydrochloric  acid ;  separate  solutions  of  the  ferrous 
sulphate,  bichromate  of  potash,  and  sulphuric  acid  are 
also  kept  in  readiness.  The  cotton  is  first  worked  for 
about  an  hour  with  only  half  the  full  amount  of  the 
several  ingredients  in  the  bath.  At  the  end  of  this  time, 
when  the  cotton  has  already  acquired  quite  a  black  colour, 
it  is  lifted  out,  the  other  half  of  the  ingredients  is  added, 
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the  cotton  is  then  re-entered,  and  the  dyeing  is  continued 
1 — Ih  hour  longer. 

After  dj'eiiig,  the  cotton  is  well  washed  and  boiled 
with  a  solution  of  soap  and  carbonate  of  soda,  as  pre- 
viously stated,  and  dried.  The  use  of  soap  alone  gives 
Adolet-toned  blacks ;  the  addition  of  carbonate  of  soda 
makes  the  shade  bluer. 

Although  the  black  produced  by  either  of  the  above 
methods,  but  especially  by  the  cold  method,  is  tolerably 
stable,  it  is  necessary,  in  order  to  render  it  perfectly 
ungi-eenable,  to  submit  the  dyed  cotton,  after  washing, 
to  a  supplementary  oxidation.  Several  methods  have 
been  proposed  for  this  purpose,  but  perhaps  the  following, 
in  which  ferric  sulphate  is  the  oxidising  agent,  is  the  most 
ser^'iceable :  Prepare  a  mixture  of  20  kilograms  of  fen^ous 
sulphate,  5  kilograms  of  bichromate  of  potash,  15 — 18 
litres  of  sulphuric  acid  168"^  Tw.,  60 — 70  litres  of  water. 
Add  5  litres  of  this  mixture  to  500  litres  of  water,  and 
work  the  cotton  in  the  solution  for  three-quarters  of  an 
hour  at  75^0.  ;  then  wash  well,  boil  with  soap,  and  dry. 

Another  method,  depending  for  its  etiicacy  upon  the 
optical  effect  that  a  mixture  of  violet  and  green  appears 
blue,  is  to  dye  the  black  in  a  weak  solution  of  !M ethyl 
Violet.  This  violet  is  tixed,  it  is  supposed,  by  reason  of 
the  cotton  itself  having  been  partially  oxidised  and 
changed  into  oxycellulose  during  the  dyeing  process. 

Two  other  methods  of  producing  Aniline  Black  on 
cotton,  though  not  practically  employed,  possess  sufficient 
interest  to  deserve  mention.  One  is  that  borrowed  from 
the  method  so  successful  in  the  printing  of  calico  with 
Aniline  Black.  It  is  based  upon  oxidising  the  aniline 
salt  by  means  of  potassium  chlorate  in  the  presence  of 
vanadium.  The  cotton  is  impregnated  with  a  somewhat 
concentrated  solution  containing  5 — 20  per  cent,  of  aniline 
hydrochloride  (according  to  the  intensity  and  fastness  of  the 
black  required),  2 — 10  per  cent,  of  potassium  chlorate, 
and  a  very  minute  quantity  of  vanadium  chloride  (not 
more   than  ^^  of  the  weight   of  aniline  hydrochloride 
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employed).  After  wriiiging  out  the  excess  of  liquid,  the 
colour  is  developed  by  hanging  the  cotton  in  an  ageing 
stove  heated  to  25° — 30°  C,  and  in  which  the  air  is  kept 
slightly  moist  by  admitting  a  little  steam.  The  chief 
defect  of  this  process  is  that  an  uneven  colour  is  liable  to 
be  produced,  since  the  oxidation  will  take  place  unequally 
if  there  is  a  partial  drying  of  the  fibres,  or  an  unequal 
exposure  of  the  fibres  to  the  air. 

The  other  method  referred  to  is  that  proposed  by  Gop- 
pelsroeder,in  which  a  vat  of  reduced  Aniline  Black  is  made, 
the  cotton  being  then  dyed  in  it  just  as  in  an  indigo-vat. 

The  Aniline  Black  is  first  prepared  separately,  namely, 
by  heating  a  solution  containing  aniline  hydrochloride, 
potassium  chlorate,  ammonium  chloride,  and  copper 
sulphate.  The  black  pigment  thus  produced  is  purified 
by  boiling  with  water,  and  afterwards  with  alcohol.  It 
is  then  heated  with  a  solution  of  caustic  potash,  and  the 
colour-base  of  the  black  thus  liberated  is  M'ashed,  dried, 
and  dissolved  in  fuming  sulphuric  acid.  This  solution  is 
poured  into  cold  water,  and  tlie  greenish-black  precipi- 
tate thus  produced  is  dissolved  in  caustic  alkali,  and 
reduced  by  heating  with  the  addition  of  glucose, 
hydrosulphite  of  soda,  or  zinc  powder.  Ferrous  sulphate 
and  lime  are  inoperative.  If  cotton  be  steeped  in  the 
brownish-yellow  solution  thus  obtained,  and  then  exposed 
to  the  air,  it  acquires  gradually  a  blue  colour.  By 
submitting  this  colour  to  a  supplementary  oxidation 
{see  p.  394)  it  changes  to  a  light  grey  or  deep  black, 
according  to  the  concentration  of  the  vat.  A  judicious 
combination  of  the  aniline  black  vat  with  an  indigo-vat 
may  yield  very  fast  deep  blues. 

On  account  of  its  great  fastness.  Aniline  Black  is  ex- 
tremely serviceable  for  dyeing  unspun  cotton,  intended 
to  be  mixed  with  loose  wool  previous  to  spinning  ;  it 
may  also  be  associated  with  Logwood  black,  since  chromic 
oxide  is  precipitated  on  the  fibre  along  with  the  Aniline 
Black,  in  sufficient  quantity  to  serve  as  a  mordant  for 
dyeing  subsequently  in  a  Logwood  bath.     If  necessary, 
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an  additional  saddening  with  acetate  of  iron  may  also 
take  place. 

341.  Ajyplication  to  Wool  and  Silk. — At  the  present 
time  these  fibres,  especially  the  former,  cannot  be  dyed 
satisfactorily  with  Aniline  Black.  It  would  appear  as  if 
the  reducing  action  of  the  fibres  themselves  hindered  the 
oxidation  of  the  aniline  salt.  Better  results  are  said  to 
be  obtained  if  the  fibres  are  previously  oxidised  by  im- 
mersing them  for  some  time  either  in  a  weak  solution  of 
permanganate  of  potash,  or  in  a  dilute  solution  of  bleach- 
ing powder  to  which  hydrochloric  acid  has  been  added. 
After  this  preliminary  process,  the  wool  or  silk  is  washed 
and  dyed  by  a  process  exactly  analogous  to  the  one  de- 
scribed for  dyeing  cotton. 

342.  Naphthylamine  Violet. — This  colouring  matter, 
derived  from  naphthylamine  hydrochloride  in  a  manner 
similar  to  that  by  which  Aniline  Black  is  obtained,  must 
also  be  produced  upon  the  fibre  itself.  It  gives  a  dull 
greyish-  or  brownish- violet  on  cotton,  which  is  not  quite 
so  fast  as  Aniline  Black.  It  does  not  appear  to  be  used  in 
practice  by  the  dyer.  Reference  has  already  been  made 
to  the  dyeing  of  manganese-brown  cotton  with  naph- 
thylamine salt  {see  p.  226). 

{d)  Aniline  Colours  containing  Sulphur. 

343.  Aldehyde  Green  [CssHs^NgS.O].— This  colouring 
matter,  now  seldom  used,  is  invariably  prepared  by  the 
dyer  himself,  by  the  action  of  aldehyde  upon  a  solution 
of  Magenta  dissolved  in  strong  sulphuiic  acid ;  the  blue 
solution  thus  obtained  is  then  poured  into  a  boiling  solu- 
tion of  thiosulphate  of  soda.  The  acid  solution  is  filtered, 
and  should  be  at  once  used  for  dyeing  silk  or  wool, 
since  it  decomposes  on  long  standing.  It  is  not  applic- 
able to  cotton. 

fCeH3-N(CH3)2 

344.  Methylene  Blue.    N  \  >s 

j^lC6H3-N(CH3)2-Cl 
Methylene  Blue,  a  derivative  of  dimethyl-aniline,  is  sold 
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as  a  zinc  double  salt  in  the  form  of  powder.  It  is  princi- 
pally used  in  cotton-dyeing,  and  gives  a  greenish  blue, 
much  valued  on  account  of  its  great  fastness  to  soap  and 
also,  it  is  said,  to  light.  For  silk-  and  wool-dyeing  it  has 
less  importance ;  since  on  these  fibres  it  is  not  fast  to 
light  nor  is  it  so  bright  as  other  blues. 

Application  to  Cotton. — The  cotton  is  prepared  with 
tannic  acid  and  tartar  emetic,  then  washed  and  dyed  in  a 
separate  bath  containing  Methylene  Blue  solution.  The 
addition  to  the  dye-bath  of  a  small  quantity  of  carbonate 
of  soda  or  ammonia  is  beneficial.  Enter  the  cotton  cold, 
and  raise  the  temperature  gradually  to  100'"^  C. 

For  dark  indigo-blue  shades  the  tartar  emetic  may  be 
substituted  by  nitrate  of  iron. 

Application  to  Wool. — Add  to  the  dye-bath  the  requisite 
amount  of  colour  in  solution  (0*5 — 5  per  cent.)  and  1 — 2 
per  cent,  of  carbonate  of  soda  (crystals)  or  ammonia.  Enter 
the  wool  cold,  and  raise  the  temperature  gradually  to 
100°  C.  in  the  course  of  half  an  hour,  and  boil  half  an 
hour  longer.  The  dye-bath  cannot  be  exhausted.  Excess 
of  sodium  carbonate  is  injurious. 

Ethylene  Blue. — This  colouring  matter  is  applied 
like  Methylene  Blue,  and  has  similar  properties.  It  is 
prepared  from  diethyl-aniline. 


CHAPTER    XYII. 

QUINOLINE   COLOURING    MATTERS. 

345.  Plavaniline  (Meister,  Lucius,  and  Briining) 

[C,H5N(CH3)-CeH,(NH2)-HCl]. 

This  basic  yellow  colouring  matter,  derived  from 
acetanHide,  is  the  hydrochloride  of  the  quinoline  base 
flavaniline.  It  is  applied  to  cotton,  wool,  and  silk,  in 
the  same  manner  as  Magenta.     On  wool  the  colour  is 
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developed  a  little  by  passing  the  dyed  material  through 
dilute  sulphuric  acid.  Brighter  coloure  are  obtained  on 
wool  mordanted  with  thiosulphate  of  soda  according  to 
the  method  employed  when  dyeing  with  Methyl  Green, 
riavaniline  yellow  is  not  fast  to  light. 

Flavaniline  S  is  an  alkali  salt  of  the  sulphonic  acid 
of  the  flavaniline  base.  It  is  applied  to  wool  and  silk  in 
an  acid  bath. 

Quinoline  Blue  [C^^gHo^NoI]. — This  disused  colour- 
ing matter,  also  called  Cyanine,  is  applied  to  cotton,  wool, 
and  silk  in  the  same  manner  as  Magenta.  The  colours  it 
yields  are  very  fucritive  towards  light. 

Quinoline  Yellow  (Act.  Gesell.  Farben  Fabrik,  Berlin). 
— This  colouring  matter  is  the  sodium  salt  of  the  sul- 
phonic acid  of  quinoline  -  phthalein.  It  gives  a  pure 
yellow  colour,  and  is  applied  in  an  acid  dye-bath  in  the 
same  manner  as  other  sulphonic  acid  colouiing  matters. 


CHAPTER   XYIIL 

PHENOL  COLOURING  MATTERS. 

(a)  Nitro  Compounds. 

346.  Picric  Acid  [CeHo(X0,)3-0H].— This  colouring 
matter  is  tri-nitro-phenol ;  it  is  used  only  in  silk-  and 
wool-dyeing.  Cotton  has  no  attraction  for  it,  and  although 
it  may  be  fixed  on  this  fibre  by  means  of  albumen,  the 
method  has  no  practical  value.  The  animal  fibres,  on  the 
contrary,  readily  take  np  Picric  Acid  from  an  acid  solution. 

It  gives  a  clear  bright  vellow,  free  from  anv  tinee  of 
orange ;  indeed,  when  compared  with  most  other  yellows 
it  appears  to  have  a  greenish  hue. 

Application  to  Wool.  —  Dve  for  h — 1  hour  at 
60°— 100^  C.  with  1—4  per  cent,  of  Picric  Acid,  with  the 
addition  of  2 — 4  per  cent,  of  sulphuric  acid,  168°  Tw. 
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(Sp.  Gr.  1-84).  The  bath  must  be  preserved,  since  it 
cannot  be  exhausted. 

By  repeated  washing  with  water  only,  it  is  possible 
to  remove  nearly  the  whole  of  the  colour  from  the  dyed 
fibre.  It  does  not  stand  milling  well,  both  on  this  ac- 
count and  because  the  colour  becomes  brownish  under 
the  influence  of  alkalis. 

It  is  also  not  a  good  dye  for  the  woollen  part  of 
mixed  goods  (wool  and  cotton),  since  it  comes  off  in  the 
tannin  bath  used  for  preparing  the  cotton.  It  is  fre- 
quently employed  for  the  production  of  compound 
colours,  e.g.,  with  Methyl  Green  and  with  Indigo  Carmine 
for  yellowish  greens,  with  Acid  Violet  for  olive,  <tc. 

A  noteworthy  feature  of  Picric  Acid  yellow  is  that  on 
exposure  to  light  it  rapidly  becomes  darker,  acquiring  a 
dull  orange  colour,  which  does  not  readily  fade. 

Application  to  Silk. — Dye  with  0*5 — 1  per  cent,  of 
Picric  Acid  in  a  bath  slightly  acidified  with  sulphuric 
acid,  with  or  without  the  addition  of  "  boiled-oflf ''  liquor. 
The  colour  marks  off  on  paper,  if  submitted  to  pressure 
for  some  time.  The  compound  colours  dyed  with  Picric 
Acid  and  Methyl  Violet  are  fluorescent. 

The  method  of  dyeing  a  weighted  yellow  on  silk  by 
first  preparing  the  fibre  with  lead  acetate,  and  then  dyeing 
with  Picric  Acid,  is  not  to  be  recommended,  since  the 
colour  blackens  in  the  presence  of  sulphuretted  hydrogen, 
and  the  picrate  of  lead  causes  the  silk,  when  ignited,  to 
burn  like  touch-paper. 

347.  Phenyl  Brown. — This  colouring  matter,  which 
consists  of  a  mixture  of  dinitrophenol  C6H3(N03)2"OH 
with  an  amorphous  brown  substance,  is  not  now  used  in 
dyeing  to  any  very  large  extent.  It  is  not  applicable  to 
cotton. 

Application  to  Wool. — It  gives  nice  brown  shades, 
which  are  said  to  be  very  fast  to  light. 

Dye  in  a  bath  slightly  acidified  with  sulphuric  acid. 
If  the  wool  is  boiled  with  bichromate  of  potash  after  dye- 
ing, the  colour  assumes  a  redder  tone. 
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Application  to  Silk. — Dye  in  a  bath  slightly  acidified 
with  sulphuric  acid. 

348.  Victoria  Yellow  [C6H.(CH3)(X02)2-OK].— This 
colouring  matter  is  the  potassium  salt  of  dinitro-j9- 
cresol.  The  dyes  it  jdelds  are  so  very  fugitive  that  it  is 
now  no  longer  employed. 

It  is  applied  to  wool  and  silk  in  the  same  way  as 
Picric  Acid. 

349.  Campobello  Yellow  [CioHg(XOo)-OXa].— This 
colouring  matter  is  the  sodium  salt  of  a-nitro-a-naph- 
thol ;  it  was  formerly  also  sold  as  French  Yellow  and 
Chrysemic  Acid.  It  is  applied  in  the  same  way  as 
Kaphthol  Yellow,  and  gives  similar  shades. 

It  is  applicable  only  to  silk  and  wool,  but  the  colour 
is  neither  fast  to  lieht  nor  to  washing. 

350.  Naphthof  Yellow  [CK;H,(N02)o-0Xa  +  H.O].— 
This  colouring  matter  is  the  sodium  or  calcium  salt  of 
dinitro-a-naphthol  ;  it  is  also  known  by  the  following 
names  :  Martins  Yellow,  Manchester  Yellow,  Golden  Yel- 
low, Saffron  Yellow,  Primrose,  Xaphthaliue  Yellow,  &c. 

It  is  applicable  only  to  silk  and  wool,  but,  since  it 
is  volatile  even  at  low  temperatures,  it  has  the  defect  of 
marking  off. 

Application  to  Wool. — Dye  in  an  acid  bath  for  1  hour 
with  0-5 — 3  percent,  of  colouring  matter  and  3 — 6  per  cent. 
of  sulphuric  acid,  168°  Tw.  (Sp.  Gr.  1-84).  Enter  the  wool 
at  40'  C.,  and  heat  gradually  to  100°  C.  If  desirable,  one 
may  also  acidify  with  o — 10  per  cent,  of  alum  instead  of 
sulphuric  acid.  According  to  the  amount  of  colouring  mat- 
ter employed,  the  colour  varies  from  a  pale  lemon-yellow  to 
a  deep  and  brilliant  orange-yellow.  It  is  not  fast  to  light, 
and  is  not  suitable  for  goods  which  have  to  be  milled. 

Application  to  Silk. — It  is  applied  in  the  same  manner 
as  Picric  Acid. 

351.  Naphthol  Yellow  S  (basf). 

[CioH,-  (X02)2-OXa-S03Xa] 
This  colouring  matter  is  the  sodium  salt  of  the  sulphonic 
acid  of  Xaphthol  Yellow  ;    it  is  used  only  in  silk-  and 
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wool-dyeing.  It  is  very  much  faster  to  washing  than 
either  Picric  Acid  or  Naphthol  Yellow.  It  is  not  volatile 
on  steaming,  and  does  not  mark  off,  but  is  fugitive  to 
light.     It  IS  applied  in  the  same  way  as  Naphthol  Yellow. 

352.  New  Yellow  (F.  Baeyer  &  Co.) 

[CjoHg-XOa-OK-SOaK] 

is  the  potassium  salt  of  the  nitro  derivative  of  /3-naphthol- 
«-monosulplionic  acid. 

Ajiplication  to  iroo^.— The  method  of  dyeing  is  the 
same  as  with  Naphthol  Yellow,  and  similar  shades  are 
produced.  The  colour  is  not  fast  to  light.  The  addition 
of  a  small  percentage  of  stannic  chloride  to  the  dye-bath 
adds  brilliancy  to  the  colour. 

Application  to  Silk— Dye  in  a  bath  slightly  acidified 
with  sulphuric  acid,  and  without  the  addition  of  "  boiled- 
otf "  liquor  or  soap. 

353.  Palatine  Orange  (basf),  [Ci2H4(N-02),(ONH,)  J. 
—I  his  colouring  matter  is  the  ammonium  salt  of  tetra- 
mtro-y-diphenol.  It  is  applied  to  wool  and  silk  in  a  bath 
acidulated  with  sulphuric  or  acetic  acid. 

354.  Heliochrysin  [C,oH3(N02)40Na].— This  colouring 
matter  is  the  sodium  salt  of  tetra-nitro-naphthol,  it  is  also 
known  as  Sun  Gold.  It  gives  fine  orange  shades  on  wool 
and  silk,  but  it  is  not  fast  to  light,  and  has  scarcely  been 
employed  in  practice. 

355.  Aurantia  [N{C,H,(N0,)3),NH,].-This  orange 
colouring  matter  is  the  ammonium  salt  of  hexa-nitro- 
diphenyl-amine  ;  it  is  also  known  as  Imnerial  Yellow,  and 
is  only  applicable  to  wool  and  silk. 

^  Dye  in  a  bath  very  slightly  acidified  with  sulphuric 
acid.  Contact  of  the  solution  with  metallic  surfaces 
must  be  avoided,  since  these  render  the  solution  brown. 
Only  glass  or  wooden  vessels  should  be  employed  for  dis- 
solving or  dyeing. 

It  has  been  stated  that  Aurantia  has  decidedly 
poisonous  properties,  and  occasions  skin  eruptions,  but 
opinion  still  seems  to  be  divided  on  this  point. 


A  A 
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356.  Quite  recently  C.  Lowe  has  introduced  a  new 
blue  and  a  yellow  dye,  termed  respectively  Azuro-  and 
Auro-phenylene,  which  are  said  to  yield  colours  fast  to 
light  and  soap.  Both  are  derived  from  the  disused  blue 
colouring  matter  Azulin.  Auro-phenylene  is  a  nitro- 
derivative. 

(b)  Colouring  Matters  produced  by  the  Action  of  Nitrous 
Acid  on  PJienoh. 

357.  Resorcin  Blue  [Ci8H3(XH,)Br6KOJ  (?).— This 
colouring  matter,  also  known  as  Fluorescent  Blue,  is  the 
ammonium  salt  of  hexa-brom-diazo-resorufin.  It  is  applic- 
able to  wool  and  silk  only,  more  particulai'ly  the  latter. 

Silk  dyed  "^'ith  this  colour  is  remarkable  for  its  reddish 
fluorescence,  the  red  colour  appearing  very  prominently 
by  gas-light.  It  is  said  to  be  fast  to  ligbt,  washing, 
and  acids.  When  used  in  combination  with  other 
colouring  matters  it  gives  pleasing  shades,  all  possessing 
fluorescence. 

Application  to  Silk. — Dye  in  a  bath  containing  "boiled- 
oflf"  liquor  or  soap,  and  neutralised  with  acetic  acid. 
Brighten  in  a  cold  bath  slightly  acidified  with  tartaric  or 
sulphuric  acid. 

358.  Naphthol  Green  (L.  Cassella  &  Co.) 

[CioH507SNFe](?). 
— This  colouring  matter  is  the  iron  compound  of  nitroso- 
naphthol-mono-sulphonic  acid.  It  gives  an  olive-green 
colour  on  wool,  remarkable  for  its  fastness  to  light.  The 
colour  also  bears  the  action  of  milling  with  soap  fairly 
well,  but  it  is  much  impoverished  by  the  action  of  car- 
bonate of  soda. 

Naphthol  Green  is  not  applicable  in  cotton-dyeing. 

Application  to  Wool. — Dye  at  100^  C.  with  the  addi- 
tion of  2 — 3  per  cent,  of  sulphuric  acid  168°  Tw.  (Sp. 
Gr.  1"04),  20  per  cent,  of  sodium  sulphate,  and  10  per 
cent,  of  ferrous  sulphate.  It  is  very  useful  for  producing 
compound  shades  in  conjunction  with  other  colouring 
matters  which  are  applied  in  an  acid  bath. 
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(c)  Rosolic  Acid  Colours. 


C  C6H4-OH 
359.  Aurin.     C  \  C6H4-OH 


This  colouring  matter  in  its  commercial  form  is  also  called 
Yellow  Corallin. 

What  is  known  as  Red  Corallin  or  Peony  Red  is  pro- 
duced from  Yellow  Corallin  by  the  action  of  ammonia  on 
it  at  high  temperatures.  Owing  to  the  extreme  fugitive- 
ness  to  light,  soap,  and  acids,  of  the  colours  they  yield, 
these  colouring  matters  are  seldom  employed  in  dyeing. 
Silk  and  wool  may  be  dyed  in  a  weak  soap  bath,  heating 
it  gradually  to  the  boiling  point ;  brighten  the  silk  with 
tartaric  acid.  They  are  still  used  by  the  calico  and 
woollen  printer. 

{d)  Phthaleins. 

360.  riuorescein.    C  \  QHsOH  )  ^ 

4-COO 

I 


Fluorescein  dyes  wool  and  silk  yellow  in  a  slightly 
acidulated  bath ;  but  it  is  scarcely  used  in  dyeing, 
because  it  does  not  give  fast  colours,  and  these  are 
surpassed  in  beauty  of  tint  by  those  yielded  by  other  yellow 
colouring  matters.  Its  sodium  compound,  known  under 
the  name  of  Uranin,  is  applied  in  the  same  manner. 

(  CeHs-OCCyHy)  ) 
361.  Chrysolin.     C^CgHg-ONa      \^ 

I   CC6H4-CO-0 


This  colouring  matter  is  the  sodium  salt  of  benzyl- 
fluorescein.  It  dyes  wool  and  silk  in  a  neutral  batli, 
although  a  better  result  is  obtained -by  previously  mor- 
danting with  alum.  The  yellow  colour  produced  is  similar 
to  that  given  by  Turmeric,  but  it  is  said  to  be  faster  to 
light.  In  cotton-dyeing  it  may  be  used  for  topping  Quer- 
citron Bark  yellow. 
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362.  Eosins. — There  are  quite  a  number  of  red 
colouring  matters  belonging  to  the  class  of  eosins.  They 
differ  from  each  other  both  in  their  composition  and  the 
shade  they  produce. 

(•CgHBrs-OK-)  _. 
Eosin  J  (soluble  in  water).     C  ]  C,HBro-OK  j  ^ 

I   (C6H4CO-0 
I I 

This  is  the  potassium  salt  of  tetra-brom-fluorescein.  It 
dyes  a  yellowish-pink  shade. 

Eosin  B  (soluble  in  water)  is  an  alkali  salt  of  tetra- 
iodo-Huorescein,  and  dyes  a  bluish-pink  shade.  It  is  also 
known  by  the  names  Erythrosin,  Pyrosin  B  (P.  Monnet), 
and  Soluble  Primrose  (Durand  and  Huguenin). 

Aureosin  (Willm,  B.  &  Girard)  is  a  chlorinated 
fluorescein. 

Rubeosin  (Willm,  B.  &  Gii^rd)  is  a  nitro-chlor- 
fluorescein. 

Eosin  BN  (basf),  also  called  Saf rosin  (Soc.  Chem.  Ind., 
Basle),  is  a  brom-nitro-fluorescein. 

Lutecienne  (Poirrier)  is  a  mixture  of  brom-nitro- 
fluorescein,  with  di-  and  tetra-nitro-fluorescein  or  Poir- 
rier's  Orange  2. 

Nopalin  and  Imperial  Red  contain  dinitro-naphthol 
mixed  with  brom-nitro-fluorescein. 

Coccin  is  a  mixture  of  Aurantia  with  brom-nitro- 
fluorescein. 

Eosin  (soluble  in  alcohol)  is  the  potassium  salt  of 
tetra-brom-fluorescein-methyl  or  ethyl- ether.  It  bears 
also  such  names  as  Methyl-eosin,  Ethyl-eosin,  Primrose 
(soluble  in  alcohol),  Eose  JB,  Erythrin,  Methyl-erythrin, 
&c. 

The  methyl  compound  gives  yellower  shades  than  the 
ethyl  compound.  Both  give  better  and  brighter  shades 
than  the  ordinary  eosins,  which  they  have  largely  dis- 
placed in  silk-dyeing. 

Rose  Bengal  is  the  sodium  salt  of  tetra-iodo-dichlor- 
fluoresceiu. 
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Phloxin  (P.  Monnet  &  Co.)  is  the  potassium  salt  of 
tetra-brom-diclilor-fluorescein. 

Cyanosin  (P.  Monnet  &  Co.)  is  the  potassium  salt  of 
the  methyl-ether  of  Phloxin. 

The  eosins  may  be  used  in  cotton-,  wool-,  or  silk-dye- 
ing, and  yield  bright  shades,  which  vary  from  yellowish- 
scarlet  to  bluish-crimson.  The  yellowest  shade  is  given 
by  Eosin  J  or  G,  then  follow  Methyl  and  Ethyl-eosin, 
Eosin  B,  Phloxin,  and  Safrosin.  The  bluest  shade  is 
given  by  Kose  Bengal.  Cyanosin,  Phloxin,  and  others 
are  sold,  however,  in  different  shades,  and  are  marked 
accordingly  with  J,  R,,  or  B.  Safrosin  is  not  quite  so 
bright  on  silk  as  some  of  the  other  blue  shades,  but  on 
wool  it  gives  a  good  full  and  bright  colour. 

The  eosins  soluble  in  alcohol  give  brighter  shades 
than  those  soluble  in  water,  but,  apart  from  the  cost  of 
the  alcohol  required,  they  cannot  always  be  used,  because 
the  strong  yellowish  fluorescence  which  they  give  is  some- 
times not  desirable. 

Application  of  Eosins  to  Cotton. — Cotton  has  natur- 
ally no  attraction  for  the  eosins,  but  since  they  form 
lakes  with  metallic  oxides  (especially  protoxides),  it  is 
possible  to  dye  this  fibre  if  it  is  previously  mordanted 
with  some  metallic  salt.  The  mordants  employed  are 
those  of  zinc  and  lead.     Aluminium  salts  are  also  used. 

Impregnate  the  cotton  with  a  cold  or  tepid  solution  of 
sulphated  oil,  100  grams  per  litre  ;  wring  out,  dry  and 
steam ;  then  work  in  aluminium  acetate  at  8°  Tw. 
(Sp.  Gr.  1*04)  for  half  an  hour,  steep  1 — 2  hours  longer, 
and  wring  out.  Dye  in  a  fresh  bath  of  Eosin  solution 
acidified  with  5 — 10  per  cent,  of  alum.  Enter  the  cotton 
at  45°  C,  and  allow  the  bath  to  cool  gradually  during  the 
dyeing  process. 

A  strong  and  hot  solution  of  soap  may  be  substituted 
for  the  sulphated  oil,  and  a  solution  of  nitrate  acetate  or 
basic  acetate  of  lead  at  5°  Tw.  (Sp.  Gr.  1*025)  may 
replace  the  aluminium  acetate.  The  colours  thus  obtained 
have  a  yellow  tone. 


406  DYEING    OF    TEXTILE    FABRICS.        [Cliap.  XTIII. 

Very  good  bluish  shades  are  produced  by  impregna- 
tinor  the  cotton  with  the  lead  solution,  then  dryincr  and 
dyeing  in  Eosin  solution. 

The  use  of  a  lead  salt  has  the  disadvantage  that  the 
colour  is  blackened  if  exposed  to  an  atmosphere  con- 
taining sulphuretted  hydrogen.  The  dye  thus  obtained 
is  naturally  of  a  poisonous  character. 

Apidication  to  Wool. — Dye  with  0*5 — 2  per  cent,  of 
Eosin,  with  the  addition  of  5 — 10  per  cent,  of  alum.  Enter 
the  wool  at  40^  C,  and  raise  the  temperature  gradually  to 
100°  C.  in  the  course  of  an  hour.  If  the  bath  is  acidified 
with  acetic  or  sulphuric  acid  instead  of  alum,  the  shades 
produced  are  not  so  bright,  but  the  wool  is  less  harsh. 
With  Erythrosin  the  temperature  of  the  dye-bath  must 
be  kept  below  the  boiling  point. 

The  water  used  should  be  as  free  from  lime  as 
possible,  otherwise  it  causes  precipitation  and  loss  of 
colouring  matter.  If  lime  is  present,  neutralise  it  with 
acetic  acid  before  dyeing. 

Application  to  Silk. — Dye  in  a  bath  slightly  acidified 
■s^dth  acetic  or  sulphuric  acid,  with  or  without  the  addition 
of  "boiled-ofi'"  liquor.  "Wash  and  brighten  with  acetic 
or  tartaric  acid.  Add  the  colour  solution  gi*adually,  and 
heat  slowly  to  60=  C. 

363.   Gallein.      C<!  0> 

tC6H4CO-0 

I I 

This  fine  purple  colouiing  matter,  sometimes  called 
Anthracene  A^iolet,  is  derived  from  phthalic  anhydride 
and  pyrogallol.  It  is  sold  in  the  form  of  a  reddish- 
brown  powder  or  a  10  per  cent,  paste,  not  very  soluble 
in  cold  water,  but  readily  so  in  hot.  It  ought  to  be 
much  more  used  than  it  is,  since  it  gives  fine  purple 
shades  on  cotton,  wool,  and  silk,  which  are  tolerably  fast 
both  to  light  and  soap. 
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alu,^ni^t^"'T    '".C-otto^.- Prepare    the    cotton    with 
mannei,  and  dye  in  a  separate  bath  with  Gallein      Tlie 

M^nZT"  '"  t"''"^^  ^'*  *''^'  "^'^d  i"  ^Vein's  with 
A  1  '.  ^°«"'7'''  "'•  "th^'-  Polygenetic  colouring  matters, 
hv  ttl  ■"o'-dants  yield  purple  colours,  those  obtained 
by  the  use  of  chromium  and  iron  being  bluish,  those  of 
to  reddish,  and  tho.se  of  aluminium  intermediat;  in  tone 
All  the  colours  may  be  regarded  as  fast  to  light  and  scan 
cent  ^f  1"?""  '"  "^r'-^^-dant  the  wool  with  2  pt 
cent  of  bichromate  of  fotmh.     The  addition  of  sulphuric 

duHsT"  ,  '^'  'f^'"'*."^  1  P^^  <=^-*-  i^  i^^Jurious^  and 
dulls  the  colour.     Dye  in  a  separate  bath  with   lO-on 

matter     t?,fn''  ^^'^'  ^?"*^i°'°g  !«  P^^  cent,  of  solid 

maduallvfn  tV,  .  -7°°'  '°'^'  ""^^  '^'''  '^^  temperature 
^ladually  to  the  boihng  point.  The  shade  thus  produced 
IS  bluish-purple  or  violet.  I'louucea 

With  alummiimi  mordant  a  much  redder  and  bric^hter 
purple  IS  given.     Mordant  with  6-8  per  cent  of  afnnT 

With  thf  tv°'  ?T'  P^^  «^"*-  °'"e-of  tart": 

wihte,  t'  V,1'°™TV'  ""^-^^  intense  and  .slightly 
b.ightei.     Ihe  addition  of  chalk  to  the  dve-bath  is  not  to 

I'Sr^r'^^V-T"  ^"^"^  '  P^'-  ''^'-  '^^  colour  ^muc*^ 
deteriorated,      -ftith  iron  mordants  Gallein  gives  a  deen 

::f t:::""  T^" '  'T^^-^'i'-  ^''^^^  -'p'-^  -^5 

An  f         V,         «">glebath  method  is  also  applicable. 

AH  the  above  Gallein  colours  are  speciallv  ad»r,te^ 
for  goods^ which  have  to  be  milled.  Thf clronfiumT„r 
dant  IS  the  most  generally  useful  of  those  mention  d 

6za  IS  dyed  in  the  same  way  as  with  Alizarin  (p.  456). 

364.  Coerulein  CeHj  ^°°^^lo~° 

T,,.  ,  (COC^HfoiD-O 

ihis    green    colouring    matter,    also  called    Anthracene 

^cid'aV''    r"w  *™"  *^^"^^'^  ^y  "^^  action  o7  sulphuric 
acid  at  a  high  temperature.     It  is  sold  in  tw^  f„ 

either  as  a  thick  bla'ck  paste  (C»r^\m  paste)*c7ntl°3^ 
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10 — 20  per  cent,  of  Coerulein,  or  as  a  black  powder. 
The  former  is  more  or  less  insoluble  in  water,  and  re- 
quires in  some  cases  the  addition  of  bisulphite  of  soda  to 
render  it  soluble.  The  latter,  kno^vn  as  Coerulein  S,  is 
soluble  in  water,  and  is  indeed  a  compound  of  Coerulein 
with  bisulphite  of  soda  [C^^HgOg'iXaHSOg]  ;  this  form 
is  the  one  most  easily  applied. 

At  the  present  time  Coerule"in  is  mostly  employed  in 
calico-printing  for  producing  very  fast  olive- green  shades. 
The  colours  it  yields  both  on  cotton  and  on  wool  are  re- 
markable for  their  fastness  to  light,  acids,  alkalis,  ttc, 
and  whenever  its  price  permits,  it  will  find  an  extensive 
use  in  the  dyeing  of  these  materials.  Whatever  the 
mordant  used,  only  different  shades  of  olive-green  are  ob- 
tained.    The  use  of  copper  dye-vessels  should  be  avoided. 

Applicatioji  to  Cotton.  —  If  insoluhh  Coerulein  is 
heated  with  a  mixture  of  caustic  alkali  (XH3)  and  zinc 
powder,  a  brownish-red  solution  of  the  reduction  product 
Coeridi7i  is  obtained,  which  on  exposure  to  air  imme- 
diately becomes  green  again,  with  precipitation  of  the 
original  Coerulein.  This  brownish-red  liquid  or  "  Coeru- 
lein-vat  "  as  it  might  be  termed,  may  be  used  for  dyeing 
after  the  manner  of  the  indigo- vat. 

If  the  solubU  Coerulein  S  is  employed,  the  cotton 
must  be  previously  prepared  with  aluminium,  chromium, 
iron,  or  tin  mordant,  according  to  the  usual  methods,  and 
then  dyed  in  a  simple  solution  of  the  colouring  matter. 
Care  should  be  taken  to  begin  dyeing  at  a  low  temper- 
ature, and  to  raise  it  very  gradually  to  100^  C.  During 
the  dyeing  process  sulphurous  acid  is  given  off,  and  the 
liquid  becomes  green  and  alkaline.  The  water  employed 
should  be  free  from  salts  of  lime  and  other  alkaline 
earths,  since  these  produce  insoluble  lakes  with  Coei'ulein. 
The  insoluble  form  of  Coerulein  may  be  applied  in  the  same 
way,  if  bisulphite  of  soda  is  added  to  the  bath  to  render 
it  soluble,  but  the  results  are  not  quite  so  satisfactory. 

Applicatioji  to  Wool. — On  wool  the  most  generally 
useful  mordant  is  bichromate  of  pot-ash. 
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Mordant  the  wool  with  2 — 3  per  cent,  bichromate  of 
potash  and  0 — 0*7  per  cent,  sulphuric  acid,  168*^  Tw. 
(Sp.  Gr.  1-84).  "Without  sulphuric  acid  the  colour  is 
slightly  paler.  Dye  in  a  separate  bath  containing  only 
Coerulein  S.  Enter  the  wool  cold,  and  raise  the  temper- 
ature very  gradually  (say  in  the  course  of  half  an  hour)  to 
60°  C.  Dye  at  this  temperature  for  about  one  hour,  then 
heat  gradually  in  the  course  of  half  an  hour  to  100°  C,  and 
boil  for  a  quarter  of  an  hour.  The  addition  to  the  dye-bath, 
during  the  last  quarter  of  an  hour,  of  1 — 2  per  cent,  of 
chalk,  makes  the  shade  bluer,  but  generally  speaking  the 
addition  of  chalk  or  calcium  acetate  to  the  bath  is  to  be 
avoided.  With  2  per  cent,  of  Coerulein  S  a  pale  sage- 
green  is  obtained,  with  5  per  cent,  a  medium  olive-green, 
and  with  10  per  cent,  a  very  dark  green,  almost  black. 
These  colours  may  be  used  instead  of  indigo-greens, 
being  equally  fast  to  light,  milling,  &c. 

With  aluminium  mordant  shades  can  be  obtained 
which  are  somewhat  bluer  or  greyer  than  with  bichro- 
mate of  potash,  but  they  are  very  apt  to  be  uneven. 

With  iron  mordant  dirty  olive  and  olive-black  shades 
are  obtained.  Use  4  per  cent,  of  ferrous  sulphate  and  8 
])er  cent,  of  cream  of  tartar,  and  dye  with  0*5 — 10  per 
cent,  of  Coerulein  S. 

If  wool  is  mordanted  with  an  amount  of  pure  stannic 
chloride  equivalent  to  5  per  cent.  SnClg'SHgO  (tin-crystals), 
it  needs  the  addition  of  40  per  cent,  of  cream  of  tartar 
to  yield  a  normal  bluish -green  colour,  when  dyed  afterwards 
with  5  per  cent,  of  Coerulein  S ;  but  it  is  remarkable  that 
even  without  the  addition  of  any  tartar  a  full  greyish- 
black  colour  is  obtained.  (With  the  majority  of  poly- 
genetic  colouring  matters,  stannic  chloride  is  an  unsatis- 
factory mordant.)  With  5  per  cent,  of  Coerulein  S,  the 
colour  is  perhaps  too  much  like  a  bad  black  to  be  of 
general  use,  but  with  0*5 — 2  per  cent,  very  pleasing 
greys  are  obtained. 

Another  method  of  dyeing  with  Coerulein  is  to  boil 
the  wool  with  its  sodium  carbonate  solution  for  some 
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time,  and  then  gradually  to  acidify  with  sulphuric  acid 
in  order  to  precipitate  the  colouring  matter  within  and 
upon  the  fibre,  but  it  only  yields  a  dull  colour. 

By  mordanting  wool  with  bichromate  of  potash  and 
dyeing  with  mixtures  of  Coerulein  S  and  Alizarin  or 
Anthrapurpurin,  a  great  vaiiety  of  fast  browns  and  olives 
are  obtained.  Coei'ulein  S  may  of  course  be  used  in  the 
same  bath  with  all  polygenetic  colouring  matters. 

Application  to  Silk.  —  Coerulein  has  scarcely  been 
introduced  into  silk-dyeing,  though  it  is  capable  of  giving 
good  fast  shades.  Mordant  in  the  usual  manner  with 
alum,  dye  in  a  separate  bath  with  Coerulein  S,  and 
brighten  with  a  solution  of  soap. 

(e)  Indophejwls. 
365.  a-Naphthol  Blue  (L.  Cassella  &  Co.). 

Dimethyl-amido-phenyl-ox^-naphthylamiiie. 

— This  colouring  matter,  also  called  Indophenol  Blue  N,  is 
produced  by  oxidising  a  mixture  of  dimethyl-^;-phenylene- 
diamine  and  a-naphthol,  or  by  the  action  of  nitroso- 
dimethyl-aniline  on  a-naphthol.  It  gives  colours  very 
similar  to  vat-indigo  blues,  and  which  are  said  to  be 
moderately  fast  to  light.  They  are,  however,  extremely 
sensitive  to  the  action  of  acids  ;  even  weak  acids  destroy 
the  blue  colour  and  change  it  to  brown.  Indophenol 
Blue  N  is  better  adapted  for  woollen-  and  calico-printing 
than  for  dyeing. 

Under  the  influence  of  reducing  agents — e.g.,  glucose 
and  caustic  soda,  stannous  chloride  and  carbonate  of 
soda,  itc, — Indophenol  Blue  is  changed  into  indophenol- 
white,  which  is  soluble  in  pure  or  acidulated  water. 

For  the  preparation  of  indophenol-white,  mix  to- 
gether 10  kilos,  of  Indophenol  Blue  (paste)  and  60  litres  of 
water  ;  add  30  litres  of  a  10  per  cent,  solution  of  tin 
ciystals  (SnCl2"2H20),  and  heat  to  25 '^C.  until  reduction 
takes  place. 
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Application  to  Cotton. — Dye  for  ten  minutes  at  40°  C. 
in  a  solution  containing  5 — 10  grams,  of  indophenol-white 
per  litre,  then  wring  out  and  wash,  and  develop  the 
colour  by  working  the  cotton  for  about  two  minutes  at 
50"^  C.  in  a  dilute  solution  of  bichromate  of  potash. 
Better  colours  are  obtained  if  the  cotton  is  previously 
prepared  with  sulphated  oil. 

Application  to  Wool. — Dye  for  fifteen  minutes  at 
80°  C.  in  a  solution  of  indophenol-white,  rendered  either 
alkaline  by  the  addition  of  sodium  carbonate,  or  acid  by 
means  of  acetic  acid.  Wring  out,  wash,  and  develop  the 
colour  by  exposure  to  air,  or  by  working  the  material 
for  a  few  minutes  in  cold  dilute  solution  of  bichromate 
of  potash,  or  an  ammoniacal  solution  of  sulphate  of 
copper.  For  dark  shades  the  solution  of  indophenol- 
white  should  be  concentrated ;  the  dye-bath  is  not  ex- 
hausted, and  should  always  be  preserved. 

366.  Gallocyanin  (Durand  and  Huguenin). — This 
colouring  matter,  also  called  New  Fast  Yiolet,  is 
obtained  by  the  action  of  nitroso-dimethyl-aniline  on 
tannic  acid.  In  dyeing,  it  yields  a  bluish-violet  colour 
possessing  only  moderate  brilliancy,  but  tolerably  fast  to 
the  action  of  acids,  alkalis,  and  light.  Applied  in  conjunc- 
tion with  other  colouring  matters,  it  is  useful  for  obtaining 
compound  shades. 

Ajjplication  to  Cotton. — Mordant  the  cotton  by  means 
of  an  alkaline  solution  of  chromium  oxide,  and  wash  well. 
Dye  in  a  separate  bath  with  Gallocyanin,  at  a  tempera- 
ture of  80*  C  for  1 — li  hour.  If,  after  dyeing,  the  cotton 
is  washed,  dried,  and  steamed,  the  colour  becomes  some- 
what darker  and  faster. 

Applicatioji  to  Wool. — The  wool  may  be  dyed  without 
any  previous  preparation,  or  it  may  be  first  mordanted  in 
the  usual  manner  with  bichromate  of  potash.  Dye  in  a 
neutral  bath.  Introduce  the  wool  into  a  cold  solution, 
raise  the  temperature  gradually  to  70°  C.  in  the 
course  of  one  hour,  and  continue  dyeing  for  -g- — 1  hour 
longer. 
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Application  to  Silk. — Dye  at  70° — 80°  C.  in  a  bath 
containing  colour  solution  and  "  boiled-ofif ''  liquor.  The 
silk  may  be  previously  mordanted  with  chrome  alum, 
though  this  is  not  absolutely  necessary. 


CHAPTER  XIX. 

AZO     COLOURING     MATTERS. 

(a)  Amido-azo-colours. 

367.  Aniline  Yellow  [CeHs-N^N-CeH^-NH^HCl]. 

Diainido-azo-benzene-h.ydrocliloride. 

— This  colouring  matter  is  no  longer  used  in  dyeing, 
because  the  colour  which  it  yields  is  volatile  and  not 
fast.  Cotton  has  no  attraction  for  it.  Wool  and  silk 
may  be  dyed  in  a  bath  slightly  acidified  with  acetic  acid. 

368.  Chrysoidine    [C6H--N  =  NC6H3(NH2)2-HC1].— 

Diamido-azo-benzene-hydrochloride. 

This  colouring  matter,  much  used  in  cotton-dyeing  for 
producing  various  shades  of  orange,  is  prepared  by  the 
action  of  diazo-benzene-chloride  on  m-phenylene-diamine. 
It  is  well  adapted  for  shading,  and  may  be  used  as  the 
yellow  part  in  a  number  of  compound  shades,  e.g.,  olive, 
brown,  scarlet,  &c.  Chrysoidine  FF  (L.  Cassella  &,  Co.) 
is  the  corresponding  toluene  compound. 

Application  to  Cotton. — Mordant  the  cotton  with 
tannic  acid  and  tartar  emetic,  and  wash ;  dye  at  60°  C. 
in  a  solution  of  the  colouring  matter,  without  any 
further  addition.  Avoid  high  temperatures,  since  the 
colour  is  thereby  rendered  duller. 

Sometimes  the  fixing  of  the  tannic  acid  with  tartar 
emetic  may  be  omitted,  and  for  very  light  shades 
it  is  not  even  necessary  to  prepare  the  cotton  with 
tannic  acid,  since  this  fibre  seems  to  possess  naturally  a 
certain    attraction   for    Chrysoidine.     Good    shades   are 
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obtained  by  applying  Chrysoidine  to  cotton  previously 
dyed  with  Catechu,  Sumach,  &c. 

Application  to  Wool. — Dye  at  60° — 70°  C.  in  a  neutral 
bath,  or  with  the  addition  of  2 — 4  per  cent,  of  soap,  or  one 
acidified  with  alum.  These  additions  tend  to  brighten 
the  colour.  The  addition  of  sulphuric  acid  to  the  dye- 
bath  impoverishes  the  colour,  but  if,  after  dyeing  accord- 
ing to  the  above  method,  the  wool  be  worked  for  10 — 15 
minutes  in  cold  water  slightly  acidified  with  sulphuric 
acid,  the  colour  acquires  a  deeper  and  redder  hue.  Dyeing 
at  100°  C.  dulls  the  colour  considerably. 

Application  to  Silk. — Dye  at  a  temperature  of  60°  C, 
with  or  without  the  addition  of  a  little  soap  to  the 
dye-bath.  Brighten  in  a  bath  very  slightly  acidified  with 
sulphuric  acid. 

369.  Phenylene  Brown. — 

[C6H4-(NH2)-N  =  N-C6H3(NH2)2-2HC1] 
Triamido-azo-benzene-hydrochloride. 

This  colouring  matter  is  prepared  by  the  action  of  nitrous 
acid  on  m-phenylene-diamine,  and  dissolving  the  base 
thus  produced  in  hydrochloric  acid.  It  also  bears  the 
commercial  names  :  Bismarck  Brown^  Vesuvine,  Ca- 
nelle,  Manchester  Brown,  Cinnamon  Brown,  &c. 
Bismarck  Brown  G  G  and  E  E  (L.  Cassella  &  Co.)  are 
the  pure  products  of  toluylene-diamine  and  phenylene- 
diamine  respectively. 

Application  to  Cotton. — Prepare  the  cotton  with 
tannic  acid  and  tartar  emetic  ;  wash  and  dye  in  a  neutral 
bath  at  50° — 60°  C.  Add  the  colour  solution  gradually. 
A  slight  addition  of  alum  to  the  dye-bath  may  sometimes 
be  made  to  niodify  the  shade.  The  shades  given  by 
Bismarck  Brown  are  similar  to  those  obtained  from 
Catechu,  but,  as  a  rule,  brighter.  Light  shades  can  be 
dyed  without  previous  preparation  of  the  cotton.  Catechu 
browns  are  frequently  dyed  with  it  in  order  to  brighten 
or  modify  the  colour. 

A  great  variety  of  compound  colours  are  obtainable 
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by  Qsng  it  aloi^  with  other  basic  colotirmg  matters,  e.g., 
Magraitia^  Malairhite  Green,  Methyl  Violet,  Methylene 
Blue,  Jkc 

A^plieatiom,  to  WooL — Dye  in  a  nentral  bath.  For  a 
full  shade,  use  5 — 8  pa*  cent,  of  eolonring  matter.  The 
additiMi  of  8 — 10  per  cent,  of  alum  to  the  bath  makes 
tlie  diade  redder.  Enter  the  wool  at  45°  C,  and  heat 
gndoaUj  to  100*  C 

AppKeaiiom,  to  Silk. — Dye  in  a  weak  soap  bath  at 
60*  G,  and  Is^kten  in  a  fresh  bath  slightly  acidified  with 
aeetie  or  tartaric  acid. 

(6)  AmidKHizosulphonic  Acids. 
37a  Fa£t  TeQow.— 

[(S03Xa)CA-X=N-C,H,rs'H2)] 
ATJiirln  iiiioliiiiif iiK   iiniliiim  ji  i  iiliiliiiiiiilr 

Tins  eoloTiring  n- '  ^-'--  is  also  called  Acid  Yellow;  it  cannot 
be  naed  for  dy-,.,  ;  ::.on.  It  is  well  adapted  for  using 
alwigwith  other  acid  colouring  matters  to  obtain  com- 
pound shades  on  wool  or  silk.  Employed  alone  it 
cannot  emnpete  with  some  other  yellows  in  brilliancy. 
The  above  compound  is  sometimes  distinguished  as  Fast 
Ydlow  G,  while  Fast  Yellow  R  is  giren  to  the  corre- 
iipandins'  toluene  c(»npoiind. 

Apj:  Wool. — Dye   in   an  acid  bath.       For 

0"5 — 3  pri  i-riii..  C'f  colouring  matter  add  2 — 6  per  cent. 
of  sulphuric  acid,  168"  Tw.  (Sp.  Gr.  1-84).  Enter  the  wool 
at  40*  C,  and  heat  gradually  to  100°  C.  in  the  course  of 
J — ^1  hour,  and  boil  for  \  hour.  If  5 — 10  per  cent,  of 
afann  be  nsed  mstead  of  sulphuric  acid,  the  shade  given 
is  weaker  and  las  orange. 

AppHoaJHam,  to  Silk.  —  Dye  at  a  temperature  of 
CO" — 80^  C,  in  a  batli  containing  **  boUed-off "  liquor 
and  acidified  with  sulphuric  acid. 

371.  Ofmetliylaiiiline  Oranga — 

ji  PiiiMtflijil  ■■■iln  mio  lMiinii'»<i«wii>iiiiiiiiii  ji  i  iilj^iliiiiiiih.'. 
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Other  commercial  names  of  this  colouring  matter  are: 
Helianthin,  Gold  Orange,  Orange  III.,  and  Tropseolin  J), 
(fcc. 

Application  to  Cotton. — Work  the  cotton  in  cold 
stannate  of  soda  solution,  5°  Tw.  (Sp.  Gr.  1  -025),  till 
thoroughly  saturated,  and  wring  out ;  work  for  \ — ^ 
hour  in  a  cold  solution  of  alum  (15 — 20  per  cent.)  and 
wring  out  ;  dye  in  a  concentrated  solution  of  the  colour- 
ing matter,  with  the  addition  of  an  equal  percentage  of 
alum.  Enter  cold,  and  heat  gradually  to  45'  C,  but 
not  higher.  Dry  without  previous  washing.  The  colour 
is  not  fast  to  washing. 

Applicatio/i  to  Wool. — Dye  exactly  as  with  Fast  Yellow. 
Somewhat  bricrhter  shades  are  obtained  bv  usino^  stannic 
chloride  instead  of  sulphuric  acid.  With  2  per  cent, 
of  colouring  matter  a  full  reddish-orange  is  obtained. 

Ajjplication  to  Silk. — Dye  exactly  as  with  Fast  Yellow, 

372.  Diphenylamine  Orange — 

[(S0jK)CeH4-X  =  N-C6H,(X-H-C6H,)] 
p-Phenyl-amid.o-azo-betLzene-pota.5siuin-p-sulp]ionate. 

This  colouring  matter  is  also  called  Tropaeolin  00, 
Orange  lY.,  Orange  X,  Yellow  X,  (fee.  It  is  very 
sensitive  to  the  action  of  an  excess  oi  free  acid,  which 
causes  it  to  dve  a  more  orano^e  colour.  Laro:e  excess  of 
mineral  acid  causes  its  solution  to  become  violet  through 
liberation  of  the  free  colour  acid.  Closely  allied  to  this 
colouring  matter  are  the  three  foUowTJig  : — 

373.  Metanil  Yellow  (basf).— 

[(S07N'a:C,H4-X  =  X-C6H4:X-H-C,H5)] 
p-Phenyl-amido-azo-benzene-sodiuni-m-sulplioiiate. 

This  colouring  matter  is  also  called  Tropeeolin  G 
(L.  Cassella  &  Co.). 

374.  Brilliant  Yellow  (basf).— 

[(SOsXaXgHs'CHa/X^XC.H.^X-H-QH^)] 
p-Phenyl-anudo-azo-toluene-sodiuia-p-sulphonate. 
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375.  Azoflavin  2  (basf). — 

[(S03Na)C6H4-Xz:N-C6H4(N-H-C6H4(N02))]. 
p-Ifitro-phenyl-amido-azo-'benzeiie-soditim-p-stilph.oiiate. 

All  these  colouring  matters  are  specially  suitable  for  wool- 
and  silk-dyeing,  and  give  fine  yellow  or  orange  shades. 
They  are  applied  in  the  same  way  as  Fast  Yellow  and 
Dimethylaniline  Orange.  The  colours  on  cotton  are  not 
fast  to  washing.  If  10  per  cent,  of  alum  is  added  to  the 
dye-bath  instead  of  sulphuric  acid,  the  colours  on  wool 
are  rendered  brighter. 

Indian  Yellow  (L.  Cassella  <fe  Co.)  is  isomeric  with 
Azoflavin. 

376.  CJongo  Red  (Act.  Gesell.  Amlin.  Fabrik,  Berlin).— 

(CeH4-N=N-CjoH5(XH2)(S03Na) 

(CeH,-X=X-C,oH,(XH,)(S03Xa) 
Tetrazo-diplienyl-diiiaplithjlainiiie-sodiTiin-disnlphoiiate. 

This  colouring  matter  possesses  the  very  interesting  pro- 
perty of  being  readily  applied  to  the  vegetable  fibres 
without  the  aid  of  a  mordant.  It  may  be  used  for 
dyeing  mixed  goods  consisting  of  cotton  and  wool,  and 
yields  a  bright  scarlet  colour,  fairly  fast  to  boiling  soap 
solutions,  but  not  to  light.  It  is  also  extremely  sensitive 
to  the  action  of  acids  ;  these  change  the  colour  to  blue. 

Application  to  Cotton. — Dye  at  100°  C.  in  a  neutral 
bath,  or  one  rendered  slightly  alkaliue  by  the  addition 
of  soap  ;  wash  and  dry.  A  much  richer  colour  is  got 
if  the  cotton  is  previously  mordanted  with  stannic  oxide, 
or,  better  still,  with  sulphated  oil  and  aluminium  sulphate. 

Application  to  Wool  and  Silk. — Dye  in  a  neutral  bath 
or  with  the  addition  of  a  little  soap. 

377.  Benzopurpurin  (F.  Baeyer  &  Co.). — 


Tetrazo-ditolyl-dipheiiTlaraiiie-sodiTim-disxilphonate. 


.  C^Hg-N  =  NCioHjCNTI,)  (SOgNa) 
-ditolyl-diphenTlamiiie-sodiiim-disxilp] 

This  colouring  matter  is  applied  to  the  various  fibres  in 
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the  same  manner  as  Congo  Red,  being  closely  allied  to 
it  in  chemical  constitution.  It  yields  a  bright  scarlet 
colour,  fairly  fast  to  soap,  and  less  sensitive  to  light  and 
particularly  to  acids,  than  Congo  Red.  It  is  not  affected 
by  dilute  acetic  acid,  or  even  by  dilute  mineral  acids. 
The  best  addition  to  make  to  the  dye-bath  is  phosphate  of 
soda,  though  one  may,  if  desirable,  use  soap  or  silicate  of 
soda  instead. 

(c)  Oxy-azo  Colouring  Matters. 

378.  These  include  yellow,  orange,  red,  crimson,  and 
brown  colours.  Nearly  all  belong  to  the  class  of  so-called 
acid-colours,  and  are  specially  suitable  for  wool-  and  silk- 
dyeing.  When  applied  to  cotton,  most  of  the  colours  are 
not  fast  to  washing  with  water. 

Many  of  the  scarlets  have  largely  displaced  Cochineal 
in  wool-dyeing.  For  plain  scarlet  dyes  (e.g.  on  flannels,  tfce.) 
they  are  even  preferable  to  Cochineal,  since  the  colour  does 
not  become  dull  and  bluish  on  washing  with  soap.  They 
are,  however,  not  suitable  for  yarn  which  has  to  be  woven 
with  other  light-coloured  yarns,  if  the  material  so  produced 
must  afterwards  be  washed  with  soap,  scoured,  or  milled. 
During  these  processes  the  colour  "  bleeds,"  or  comes  off 
slightly  and  dyes  very  permanently  the  contiguous  light- 
coloured  fibres,  thiis  spoiling  the  general  appearance 
of  the  fabric.  This  defect  is  common,  indeed,  to  all 
those  coal-tar  colouring  matters  which  dye  without 
mordant.  For  dark-coloured  fabrics  the  defect  is  not 
noticeable. 

The  dyeing  properties  of  many  of  these  colouring 
matters  are  very  similar. 

The  dyes  they  yield  are  very  fairly  fast  to  light, 
though  they  differ  considerably  in  this  respect.  As  a 
rule,  the  tetrazo  compounds  are  faster  to  light  than  the 
diazo  compounds. 

It  is  difficult  to  identify  all  the  colouring  matters  of 
this  class  met  with  in  commerce,  since  each  manufacturer 
gives  a  special  name  and  mark   to   his  own  products. 

B  B 
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The    following   list,   however,    compnses  the  most  iift- 

portant : — 

379.  Tropaeolin  T.— 

r  SOpXa^  CpH^-y  =  X-C,H4-  (OH)] 
j»-Pheiiol-ai.ci-l>erLzeiie~s:'diinn-j>-siDLlf4«saBba. 

This  colonring  matter  has  now  little  importance,  having 
been  repla^^d  by  other  similar  but  superitH-   colouriog 

matters. 

380.  Eesorcinol  Yellow.— 

E.esorciiiol-a2,i>1:teiL2.cJi6-sodi-ain-j>^nliih.oixa.te. 

This  coloTiring  matter  is  also  called  tbopasolin  O,  Tn>- 
paeoHn  K,  ChrysfecJin,  Chijsoin  (Poirrier).  It  gives  an 
(Hange  dye  of  cnij  mod^ate  brilliancy,  and  is  chieflj 
used   along  with  other  acad-colonrs  to  produce  <dives, 

maroons,  ^c. 

381.  OrcMl  Brown  v^ •  i-^jcr  &  Co.). — 

This  coloTiring  matter  is  a-naphthyfamimvMD-beniene- 
soditim-sulphonate. 

382.  Azarin  S  (m.  l.  &b.). — 

^  OH 

(  SOsKH^-H 

This  colouring  matter  ifi  suitable  cmly  for  cotton.     It 
yields  a  brilliant  red  said  to  be  &irij  fast  to  1:  jL:. 

The  followin^ni.ethod  of  applying  it  : :  •    :- 

posed  bv  :'>  iTiamifacturers  : — 

Pa  :h  with  a  stdation  of  almn:  :> 

which  a  sxuaii  prc^pcNrtion.  o€  stannous 
added.     After  dijmg  and  ageing  €fx'    I.  ^ 

the  doth  f<H-  half  an  hour  in  a  cold  solut: 
veij  small  pn^Mirtian  ni  acetate  <tf  lime  : 
btmate;  that  wash  well  and  dye  in  a  i.---.  .  ^ 

colouring  matter  with  the  additMm  of  a  little  sii.   -. ..:   I 
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oil.  After  dyeing,  wash,  dry,  pad  with  a  dihite  solution 
of  siilphated  oil,  dry  and  steam ;  then  wash  in  a  cold  weak 
soap  solution  and  dry.  The  alkalinity  of  the  soap  gives 
the  red  a  bluish  tone,  which  may  be  removed  by  a  final 
passage  in  very  dilute  acid. 

383.  Azo  Blue  (F.  Baeyer  &  Co.).— 

C7H6-N=N-CioH-(OH)(S03K) 

.  C7H6-N=N-C,oH5(OH)(S03K) 
Tetrazo-ditolyl-/3-naphtliol-potassium-disulphonate. 

This  is  the  first  blue  colouring  matter  of  the  azo  series, 
which  has  appeared,  possessing  the  property  of  dyeing 
vegetable  fibres  without  the  aid  of  a  mordant.  It  yields 
a  reddish-blue  colour,  fast  to  soap  and  concentrated 
mineral  acids,  and  moderately  fast  to  light. 

It  is  applied  in  dyeing  in  the  same  manner  as  Benzo- 
purpurin  and  Chrysamin,  with  which  it  may  therefore 
be  used  in  the  same  bath  for  the  purpose  of  obtaining 
compound  shades  on  cotton,  mixed  goods,  ifcc. 

384.  Chrysamin. — (F.  Baeyer  &  Co.). 

CgH4-N  =  N-CfiHalOH)  (COOXa) 

CeH^-X  =;X-C6H3(OH)(COOXa) 
Tetrazo-diphonyl-diplieuol-sodiuin-a-carbonate. 

This  colouring  matter  dyes  the  vegetable  fibres  without 
the  aid  of  a  mordant  in  the  same  manner  as  Congo  Ked, 
Benzopui-purin,  and  Azo  Blue. 

The  colour  obtained  on  cotton  by  the  aid  of  a  boiling 
soap-bath  is  a  sulphur-yellow  remarkably  fast  to  light  j 
also  fast  to  acetic  acid,  but  hot  to  mineral  acids. 

385.  a-Naphthol  Orange; — 

[(S03Xa)C6H,-N  =  N-aQoH6-OH)] 
a-NapMhol-azo-benzene-sodium-p-sulplionate. 

This  colouring  matter  is  also  called  Trop?eolin  000  No.  1, 
Orange  No.  1  (Poirrier).  It  dyes  a  very  reddish-orange 
shade. 
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386.  /3-Naphtliol  Orange.— 

[(S03Na)CeH,-N  =  N-)8  CjoHg-OH] 
P-Naph.tliol-azo-benzene-sodiuin-p-sulplionate. 

This  colouring  matter  also  bears  the  names  :  Tropieolin 
000  jVo.  2,  Orange  JS'^o.  2  (basf)  (Poirrier),  Orange 
extra(L,  Cassella  &  Co.), Mandarin  S  (Act.  Gesell,  Berlin), 
Chrysaurem.  It  d.3"es  a  bright  reddish-orange  shade,  similar 
to  that  yielded  by  Tropaeolin  000  Xo.  1.  A  mixture 
of  Tropseolin  000  No,  2  and  Fast  Red  is  sometimes 
sold  under  the  name  of  French  Red  (rouge  Francais). 
Tropseolin  000  No.  2  is  largely  used,  both  alone  and 
aloncj  vdih  Indiofo  Carmine  and  other  acid-colours,  for 
producing  broAvns,  olives,  <fcc. 

387.  Tropaeolin  0000.— 

[C,H5-N=X-)3C,,H5(OH)(S03Xa)] 
Benzene-azo-^-naphthol-sodiiun-a-sulphonate. 

Orange  G  (m.  l.  &  b.). — 

[CgH^-N  =  X-)3CioH4(OH)  (SOsXa),] 
Beiizene-azo-/3-iiaphth.ol-sodium.-/3-disuIplionate. 

This  colouring  matter  dyes  a  bright  orange,  somewhat 
less  red  than  Tropaeolin  000  No.  2,  which  is  extremely 
fast  to  light. 

388.  Scarlet  G  T  (F.  Baeyer  t  Co.).— 

[CgH.lCHg)  -X  =  1^-$  CioH^lOH)  (SOsXa)] 

Toluene-azo-/3-naplithol-sodiiun-j3-sulph.oiiat«. 

389.  Xylidine  Scarlet  G  (m.  l.  &  b.).— 

[CeH3(CH3)2-Nn:N-CioH,(OH)(S03Xa)] 
o-Xj-leiie-azo-/3-naplitliol-sodiuin-/3-siilpliojiate. 

Scarlet  R  (F.  Baeyer  &  Co.)  is  the  isomeric  m-xylene 
compound. 

This  colouring  matter  seems  to  be  identical  with 
Scarlet  2  R  (Act.  Gesell.  Farben  Fabrik,  Berlin). 
Scarlet  G  (basf)  is  the  closely-allied  ^-xylene -azo- 
5-naphthol-sodium-a-disulphonate. 

Xylidine    Scarlet   R  (m.  l.  &  b.). — This  colouring 
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matter  is  isomeric  with  the  last,  and  is  the  sodium  salt  of 
the  corresponding  )3  - disulphonic  acid  compound.  It  is 
sometimes  simply  called  Scarlet  K  As  the  mark  (E.) 
implies,  it  dyes  a  redder  shade  than  Scarlet  G.  Scarlet 
R  (basf)  is  the  isomeric  p-7?i-xylene-azo-/3-naphthol- 
sodium-disulphonate. 

390.  Scarlet  G  G  (m.  l.  &  b.).— 

[C6H2(CH3)3-N3:N-CioH4(OH)(S03Na)2] 
Cumene-azo-|3-iiaplitliol-sodium-^-(iisulph.oiiate. 

This  colouring  matter  seems  to  be  identical  or  isomeric 
with  Scarlet  4  R  (Act.  Gesell.  Farben  Fabrik,  Berlin). 

Scarlet  R  R. — This  colouring  matter  is  isomeric  with 
the  last,  and  is  the  sodium  salt  of  the  corresponding 
a-disulphonic  acid. 

Another  very  closely  allied  colouring  matter,  also 
called  Scarlet  R  R,  is  the  following  : 

[C6H2-(CH3)2(aH5)-N  =N-CioH,(OH)  (SOsNa)^] 
Etliyl-xyleiie-azo-j3-naph.tliol-sodium-a-di3ulplionate. 

Scarlet  3  R  (ii.  l.  &  b.). — 

[C,H2(C2H5)(CH3)2-N=N-CioH,(OH)(S03Na)2] 
Ethyl-dimethyl-azo-j3-nap]itliol-sodium.-disulphoiiate. 

Scarlet  3R  (basf). — 

[CeH2(CH3)3-X=.N-C,oH,(OH)(S03Na)2] 
Pseudo-cumene-azo-)3-naplitliol-sodiuin-disulplioiiate. 

Scarlet  4  R  (m.  l.  &  b.). — 

•[C6H2(CH3)3-Xz=N-C,oH4(OH)(S03Na)2] 
Cuinene-azo-/3-naphtliol-sodiuin-disulplioiiate. 

391.  Fast  Brown  (m.  l.  &  b.).— 

[(S03Xa)C6H2(CH3)2-N=rX-aCioHg(OH)] 
a-Naphtkol-azo-xylene-sodium-sulphoiiate. 

Fast  Red  (basf). — 

[(S03Xa)C,oHe-X=X-^CioH6(OH)]  « 
/S-Naphth-ol-azo-naphthalene-sodiuin-sulplioiLate. 

This  colouring  matter  is  also  called  Roccellin  (Poirrier), 
Orseillin  No.  3,  Rubidin,  Rauracienne,  &c.  It  does  not 
yield  a  brilliant  red,  but  one  which  is  remarkable  for  its 
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fullness  or  body.  It  is  very  useful  in  conjunction  "vrith 
other  acid-colours  for  producing  compound  shades. 

Fast  Brown  (basf). — This  colouring  matter  is  the 
correspoTfJ-infT  a-naphthol  compound. 

392.  Fast  Red  C  (basf).— 

[(XH^^  CaoH6-N=X-aCioH5(OH)  (SOsNal] 
a-Xaphthvlaimne-azo-a-naplitiiol-sodiuiii-sulphoiiate. 

Crocein  3  BX  (F.  Baeyer  <fe  Co.).— 

[(S03Na)CioH6-X  =XCioH5(OH)  (SOsNa)] 
NaplitIialeDe-sodiuin-sulplionate-azo-/3-iiaphtliol-so(iiuin-a-sulphonate. 

393.  Claret  Red  B  (m.  l.  &  r).— 

a-Naphthalene-azo-^-iiaphtliol-sodiuiii-a-disiilphoiiate. 

This  colouring  matter  is  also  called  Bordeaux  R.  If 
alum  is  used  in  the  dye-bath  for  wool,  the  colour  is  apt  to 
be  very  uneven. 

Fast  Red  B  (basf), — This  colouring  matter  is  iso- 
meric with  the  last,  being  the  sodium  salt  of  the  corre- 
sponding )3-sulphonic  acid.  Other  names  which  seem  to 
be  given  to  it  are  Claret  Bed  B  (m.  L.  «fc  b.  )  and  Bor- 
deaux G. 

Crystal  Scarlet  6 R(L.  Cassella  &:  Co.). — This  colouring 
matter  is  also  isomeric  with  Claret  Bed  B,  being  the 
sodium  salt  of  the  corresponding  7-disulphonic  acid- 
Amaranth  (m.  l.  »fc  b.)  also  (L.  Cassella  <fe  Co.). — 

[(S03ya)CioH6-N  =  N-CioH4(OH)  (803X3)2] 
Naphthfllene-ai<>/3-imphthol-sodiuin-triExilplioiia.te. 

New  Coccin  (m.  l.  *fc  b.)  ;  Fast  Red  D  (basf). — 
These  colouring  matters  are  isomeric  with  the  last. 

Brilliant  Scarlet  4  R  (L.  Cassella  <t  Co.).— This 
colourins:  matter  is  also  isomeric  with  Amaranth,  l»eiu2 
the  sodium  salt  of  the  corresponding  7-disulphonic  acid. 

Scarlet  6  R  (m.  l.  &  r). — 

[(S03Xa)C,oHe-N  =  X-Ci,Hs(OH)  fSOsXa)^] 
NapIitlialene-azo-^-iiaphthol-Bodium-tetrasul^hona.te. 
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394.  Anisol  Red  (basf). — 

[C,H4(OCH3)-N=N-CjoH5(OH)(S03m)] 
Aiiisol-azo-/3-iiaplith.ol-sodiuin-sulph.oiiate 

Phenetol  Red  (basf). — 

a 

[C6H4(OC2H5)-N=N-CioH4(OH)(SO'^^a)2l 
Plienetol-azo-^-iLaplith.ol-so(iiuiii-a-<iisalplionate. 

This  colouring  matter  is  also  called  Coccinin  (m.  l.  &  b.). 
Coccinin  B  (m.  l.  &  b.), — This  colouring  matter  is 
closely  allied  to  the  last,  being  the  corresponding  methyl- 
;j-cresyl  CgH3(OCH3)(CH3)  compound. 

395.  Brilliant  Crocein  M  (L.  Cassella  &  Co.). — 

[C6H5-X=:N-C6H4-X=zN-CioH4(OH)(S03Na)2] 
Beiizene-azo-benzene-azo-/3-naph.thol-sodiiini--y-(iisulp]ioiiate. 

Scarlet  S  (Act.  Gesell.  Farben  Fabrik,  Berlin).— This 
colouring  matter  is  isomeric  with  the  last. 
Scarlet  5  R  (m.  l.  &  b). — 

[CeH5-N  =  N-C6H,-XzrN-C,oH3(OH)(S03Na3)] 
Benzene-azo-benzene-azo-iS-naplithol-sodiuin-trisulphonate. 

396.  Biebrich  Scarlet  (Kalle  &  Co.).— 

[(S03Na)C6H4-N=N-C6H3(S03Na)-N=:N-CioH5(OH)] 
^-Naplitliol-azo-benzene-azo-benzene-sodium-disulplioiiate. 

This     colouring     matter     is    identical    with     Imperial 
Scarlet  (F.  Baeyer  &  Co.). 
Fast  Scarlet  (basf). — 

[(S03Xa)CeH,-Xr=X-C,H4-Nr=N-CioH5(OH)] 
/S-Naphthol-azo-benzene-azo-benzene-sodium-sulplionate. 

397.  Crocein  Scarlet  3  B  (F.  Baeyer  &  Co.).— 

[(s4Na)  C6H4-X=N-C6H4-N  =zN-CioH5(OH)  (SOgNa)] 

Benzene-sodium-p-sulphonate-azo-benzene-azo-jS-naphthol-sodium- 

a-sulphonate. 

Crocein  Scarlet  7  B  (F.  Baeyer  &  Co.). 

[(S03Xa)C6H3(CH3)X:zN-C6H3(CH3)-N=:X-CjoH5(OH)(S03Na)] 
Tolueiie-sodiam-p-sulphonate-azo-toluene-azo-/3-iiai»lithol-so<iium-a-sul- 

plionate. 

Scarlet  SS  (Act.  Gesell.   Farben   Fabrik,  Berlin). — 
This  colouring   matter   is   isomeric   with   the    last.     A 


424  DYEING   OF   TEXTILE    FABRICS.  [Chap.  XIX. 

mixture  of  Xylidine  Scarlet  and  Acid  Magenta  is  said 
to  have  been  sold  under  the  same  name. 

398.  Ajoplication  of  the  Oxy-azo  Colours  to  Cotton. — 
"Work  the  cotton  \ — \  hour  in  a  cold  solution  of  stan- 
nate  of  soda,  6°— S^'Tw.  (Sp.  Gr.  1-03— 1-04),  wring 
out  and  pass  into  a  cold  solution  of  alum,  4° — 6°  Tw. 
(Sp.  Gr.  1-02 — 1-03)  for  a  quarter  of  an  hour.  "Wring 
out,  and,  without  washing,  dye  at  45^ — 50^  C,  in  a  con- 
centrated solution  of  the  colouring  matter,  with  the 
addition  of  5 — 10  per  cent,  of  alum.  Wring  out,  and  dry 
without  washing.  The  colour  does  not  withstand  even 
washing  with  water.  The  cotton  may  also  be  pre- 
viously prepared  with  sulphated  oil,  instead  of  ^si-th 
stannic  oxide,  and  then  dyed  in  the  manner  described. 

An   interestinor   method   of  obtaining  faster  colours 

o 

on  cotton  with  these  colouring  mattei^  is  that  included 
in  the  patents  of  Grassier  and  others. 

The  colouring  matters  used  for  wool  and  silk  are  the 
alkali  salts  of  complex  sulphonic  acids,  and  are  produced 
in  a  cold  alkaline  solution  by  the  mutual  reaction  of  azo 
compounds  upon  phenols. 

The  colouring  matter  obtained  is  soluble  if  either 
the  azo  compound  or  the  phenol,  or  both,  are  in  the  form 
of  sulphonates,  but  if  otherwise,  it  is  insoluble. 

The  insoluble  non-sulphonated  colour  can  be  precipi- 
tated at  once  upon  the  cotton  tibre,  by  first  impregnating 
the  latter  with  a  cold  alkaline  solution  of  the  phenol, 
wi'inging  out,  and  then  passing  it  into  a  solution  of  the 
azo  compound.  In  practice,  it  is  desirable  to  pass  again 
into  the  phenol  solution,  wring  out,  wash  and  soap 
slightly,  in  order  to  remove  loosely  adhering  colour. 

Somewhat  brighter  and  fuller  colours  are  also  ob- 
tained  by  preparing  the  cotton  previously  with  sulphated 
oil.  Owing  to  its  instability,  the  solution  of  the  azo 
compound  should  be  prepared  only  a  short  time  before 
use. 

The  dye  produced  on  the  cotton  in  this  way  bears 
washing  with  water,  and   even  with  soap  solutions,  but 
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it  is  liable  to  rub  off;  it  also  withstands  the  action  of 
light  fairly  well. 

The  following  equation  represents  the  formation  of 
Xylidine  E,ed  in  this  way  : — 

C6H3(CH3)2-:N-^N--C1  +  CioH/OXa  = 

Diazo-xylene-cliloride.      Sodium-a-naphtliol. 

=  C6H3{CH3)2-N-N-CioHe-OH  +  NaCl. 
Xylidiue  red. 

Application  to  Wool. — Dye  with  1 — 2  per  cent,  of 
colouring  matter,  with  the  addition  of  2 — 4  per  cent,  of 
sulphuric  acid,  168°  Tw.  (Sp.  Gr.  1-84),  and  15—30  per 
cent,  of  sodium  sulphate.  Enter  the  wool  at  40° — 50°  C, 
raise  the  temperature  gradually,  in  the  course  of  an 
hour,  to  100°  C,  and  boil  a  quarter  of  an  hour. 

Several  of  the  colouring  matters  give  brighter  colours 
if  the  sulphuric  acid  is  replaced  by  5 — 10  per  cent. 
of  alum,  or  5 — 10  per  cent,  of  stannic  chloride,  120°  Tw. 
(Sp.  Gr.  1*6).  Care  must  always  be  taken  to  have  the 
bath  sufficiently  acid  to  develop  the  full  colouring 
power;  and  if  there  is  any  tendency  to  uneven  dyeing, 
the  temperature  should  be  raised  very  gradually. 

Application  to  Silk. — Dye  in  a  bath  containing 
"boiled-off"  liquor,  slightly  acidified  with  sulphuric  acid. 

The  above  modes  of  application  do  not,  of  course, 
apply  to  Azarin  S,  Azo  Blue,  and  Chrysamin. 


CHAPTER  XX. 

ANTHRACENE    COLOURING    MATTERS. 

399.  Alizarin  [C,JI,0,{01I)^] This  valuable  colour- 

ing  matter,  formerly  only  known  as  a  substance  obtain-' 
able  from  madder  root,  is  now  made  in  large  quantities 
from  the  coal-tar  product,  anthracene. 

Alizarin  is  the  best  type  of  those  colouring  matters 
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which  dje  only  with  the  aid  of  a  mordant,  and  which 
yield  various  colours  according  to  the  mordant  employed 
(polygenetic  colouring  matters).  In  itself  it  has  little  or 
no  colouring  jDower,  having  no  afiinity  for  the  vegetable 
fibres,  and  merely  imparting  a  comparatively  fugitive 
orange-brown  colour  to  the  animal  fibres.  It  possesses, 
however,  the  valuable  property  of  forming  variously- 
coloured  insoluble  precipitates  or  lakes  when  combined 
with  many  of  the  metallic  oxides,  and  it  is  on  this  pro- 
perty that  its  use  in  dyeing  depends.  Its  compound  with 
alumina  is  red,  with  stannous  oxide  orange,  with  chromic 
oxide  claret-brown,  and  with  ferric  oxide  violet.  All 
the  colours  produced  on  the  textile  fibres  by  means  of 
these  mordants  are  extremely  fast  to  light,  boiling  with 
soap  solutions,  milling,  tfcc. 

Very  closely  allied  to  Alizarin  are  the  colouring 
matters:  Isopurjnirin or  Anthrapurpurin,  Flavopurpu7'i)ij 
and  Ftorpurin  C14II5O2 '(011)3.  Tlieir  method  of  applica- 
tion is  so  similar  to  that  employed  for  Alizarin,  that  only 
special  reference  will  be  made  to  each,  where  points  of  dif- 
ference arise.  They  are  sold  separately  or  mixed  together 
in  various  proportions,  each  manufacturer  giving  his  own 
brand  to  the  different  qualities  and  mixtures.  It  is 
customary,  for  the  sake  of  simplicity,  to  sell  them,  whether 
separate  or  mixed,  under  the  common  name,  "Alizarin." 

Those  which  consist  entirely,  or  most  largely,  of 
alizarin  are  called  the  bCue  shades  of  alizarin,  while 
those  in  which  Flavo-purpurin,  or  Isopurpurin  pre- 
dominate, constitute  the  yellow  shades  of  alizarin. 
These  designations  have  arisen  because  the  former  dye 
alumina  mordanted  cotton,  a  crimson  or  bluish  shade  of 
red,  while  the  latter  give  a  scarlet  or  yellow  shade  of  red. 

Application  to  Cotton. — Alizarin  serves  principally  for 
the  production  of  the  brilliant  Turkey-red  dye,  already 
referred  to  under  the  head  of  Madder.  For  this  purpose 
it  has  entirely  supplanted  Madder  and  its  commercial 
preparation  Garancin,  because  the  colours  it  yields  are 
far  more  brilliant,  quite  as  fast,  and  less  expensive. 
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Turkey-red  dyeing  probably  had  its  origin  in  India. 
At  an  early  date  it  was  introduced  into  Turkey  (hence 
its  name),  and  about  the  middle  of  the  eighteenth  century 
it  began  to  be  practised  in  France. 

Since  the  publication  of  the  process  in  the  year  1765 
by  the  French  Government,  it  has  been  carried  on  largely 
in  Smtzerland,  Germany,  and  Britain.  At  the  present 
time,  the  cliief  seats  of  this  important  industry  are  the 
Yale  of  Leven,  near  Glasgow,  and  Elberfeld  in  Germany. 

Numerous  alterations  and  improvements  have  been 
gi-adually  introduced,  until  it  has  now  reached  a  very 
high  state  of  pertection  indeed.  All  the  details  of  the  pro- 
cess now  employed  have  been  empirically  determined 
throughout  a  long  period,  and  the  successful  production 
of  the  best  Turkey-red  depends  upon  theii'  careful 
execution. 

Cotton  is  dyed  Turkey-red  in  the  form  of  yarn  and 
cloth.  The  process  for  yarn-dyeing  seems  to  have 
experienced  little  change  since  the  time  when  Madder 
was  the  dyestuff  employed,  and  may  serve  as  a  type 
of  the  older  methods  of  Turkey-red  dyeing.  It  may 
be  distinguished  as  the  Emulsion  process. 

The  present  method  of  Turkey-red  c^^A-dyeing  differs 
considerably  in  the  earlier  stages  from  that  in  vogue  for 
yarn,  and  is  known  as  Steiners  process  (from  the 
name  of  its  inventor).  Practical  difficulties  have  pre- 
vented the  adoption  of  this  improved  process  for  yarn- 
dyeing. 

There  is,  however,  a  third  process  of  Turkey-red 
dyeing  applicable  to  both  cloth  and  yarn,  which  repre- 
sents the  method  most  recently  introduced.  This  may  be 
termed  the  SulpJuited-oil  process.  It  is  not  impossible 
that  this  last  process,  or  some  modification  of  it,  may 
gradually  entirely  displace  the  others  ;  one  cannot,  how- 
ever, speak  with  absolute  certainty  on  this  point,  and  at 
present  all  three  are  in  use. 

400.  Emulsion  Process  for  Dyeing  500  kilos,  of 
Turkey-red  Yarn. — The  giey  yarn  is  fii-st  "  laced,"  i.e.  the 
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skeins  constitiiting  each  "head "or  "hank"  are  loosely- 
fastened  together  by  the  intertwining  of  a  short  piece  of 
cotton  cord,  in  order  to  prevent  entanglement  during 
the  sevei^  operations.     The  ends  of  the  cord  are  also 


Fig.  86. — Turkey-red  Tam-Wringine  Machine. 


knotted,  once  or  several  times,  for  the  purpose  of  subse- 
quently recognising  the  various  lots. 

1st  Operation :  Boiling.  —  Boil  the  yam  6 — 8 
hours  with  a  soMtion  of  carbonate  of  soda,  1°  Tw. 
(Sp.  Gr.  1-005),  then  wash  well  with  water,  squeeze  and 
dry  in  a  stove  at  55° — 60'  C. 

2nd  Operation :  First  green  liquor. — This  liquor 
is  an  emulsion  {see  p.  234)  made  up  with  75  kilos,  of 
olive  oil,  8  kilos,  of  sheep-dung,  about  1,000  litres  of  water. 
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and  a  sufficiencv  of  a  concentrated  solution  of  carbonate 
of  soda  to  make  the  ^-hole  to  2^  Tw.  (Sp.  Gr.  1-01). 

Work  the  hanks  of  yarn  separately  in  this  emulsion  at 
a  temperature  of  30° — 40"  C,  till  thoroughly  saturated 
(about  half  a  minute),  and  wring  out  as  evenly  as  possible. 
This  process  is  usually  called  "tramping"  (Fr.,  trempery 
to  steep). 

Fig.  86  represents  the  taking-off  end  of  an  excellent 
wringing  machine  made  by  Messrs.  Duncan  Stewart  and 
Co.,  Glasgow,  and  used  in  some  Turkey-red  works  in  this 
country. 

It  consists  of  two  large  discs  revolving  on  a  common 
shaft.  On  the  peripheiy  of  each,  and  dii^ectly  opposite 
each  other,  are  several  large  iron  hooks  connected  with 
springs,  cog-wheels,  and  rackwork,  in  such  a  manner 
that  those  on  one  of  the  discs  are  capable  of  twisting, 
while  at  the  same  time  both  sets  of  hooks  yield  inwards 
as  the  two  discs  revolve.  The  hanks  of  yarn  are 
properly  steeped  in  the  emulsion  by  hand,  and  at  once 
placed  on  a  pair  of  the  hooks  ;  as  the  discs  make  a  quarter 
of  a  revolution,  the  hooks  t^vist  and  squeeze  out  the  excess 
of  liquor ;  during  the  next  quarter  of  the  revolution  the 
hooks  untwist  themselves,  and  at  the  opposite  side  of 
the  machine  the  hanks  are  thrown  or  pushed  off  by  a  pair 
of  strong  upright  arms. 

Fig.  87  represents  a  tramping  machine  of  A.  Weser, 
Elberfeld,  and  used  in  Germany,  which  performs  the 
steeping  as  well  as  the  wiinging,  hand-labour  being  re- 
quired only  for  putting  on  and  taking  off  the  hanks  of 
yai-n.  It  consists  essentially  of  the  liquor  trough  E,  above 
which  are  situated  the  fixed  revolving  roller  B,  and  loose 
roller  a,  on  which  the  hanks  are  suspended.  D  is  an 
L-shaped  arm,  the  horizontal  portion  of  which  passes 
within  the  loop  of  the  hank  and  depresses  it  into  the 
liquor,  c  is  an  iron  cylinder  pressing  against  b,  and 
serves  to  impregnate  the  yarn  with  the  solution. 

Tlie  various  movements  of  the  machine  are  regtilar  and 
automatic.     The  hank  of  yarn  is  placed  on  the  rollers  a 
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and  B  when  the  arm  D  is  in  the  horizontal  position ;  the 
arm  d  at  once  falls  and  steeps  the  yarn  in  the  liquid,  and 
the  rollers  revolve  for  a  short  period  ;  the  arm  D  now 
again  takes  the  horizontal  position,  the  roller  B  ceases 
to  revolve,  and  the  roller  a  first  twists  then  untwists 
the  hank,  and  it  is  ready  to  be  removed  by  the  atten- 
dant. 

"Whicbever  of  the  above  machines  is  used,  the  work 
of  "  tramping  "  the  yarn  is  practically  continuous. 

The  prepared  hanks  are  allowed  to  remain  piled 
together  over-night  (12 — 20  hours),  and  are  then  dried 
in  the  stove.  In  this  operation  {stoving)  the  temperature 
is  raised  gradually  to  55° — 60°  C,  which  is  maintained  for 
two  hours.  Care  must  be  taken  to  allow  the  escape  of 
the  steam  which  is  given  off  during  the  first  stages  of 
drying,  otherwise  the  yarn  is  apt  to  be  tendered. 

2>rd  and  4zth  Operations :  Second  and  third  green 
liquors. — These  are  almost  exact  repetitions  of  the  second 
operation,  the  liquor  employed  being  made  up  separately 
and  with  the  same  proportions  of  the  several  ingredients 
as  given  above.  The  sole  difference  is  that  it  is  not 
necessary  to  let  the  prepared  yarn  lie  in  pile  over- night ; 
instead  of  this,  if  it  is  not  raining,  it  is  suspended  on  tin 
rods,  and  exposed  to  the  open  air  for  about  2 — 4  hours 
previous  to  stoving. 

It  is  e\T.dent  that,  after  stoving,  the  dry  yarn  is 
charged  with  sodium  carbonate,  and  since  it  is  very 
important  that  all  the  liquors  should  be  maintained  regu- 
larly at  the  same  specific  gravity,  it  is  customary  not  to 
allow  the  liquor  expressed  during  the  wi'inging  of  the 
hanks  to  flow  back  into  the  "  tramping "  box,  except 
in  the  case  of  the  "first  green  liquor,"  but  to  collect  it 
separately,  and  then,  if  necessary,  to  dilutes  it  with  water 
before  using  again. 

The  total  amount  of  oil  used  is  about  thirty  per  cent, 
of  the  weight  of  yarn,  but  only  a  portion  of  this  becomes 
fixed  on  the  fibre. 

bth,    6th,    7th,    aiid   Sth    Operations:    Firsts   second. 
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third,,  and  fourth  ichite  liquors. — The  solution  here  used 
is  simply  carbonate  of  soda,  at  2°  Tw.  (Sp.  Gr.  1  "01),  but 
ofter  working  the  yam  in  it  a  short  time,  it  necessarily 
becomes  an  oil  emulsion  from  the  oil  stripped  off  the 
cotton,  apart  from  the  fact  that  it  is  always  mixed  with 
the  surplus  and  expressed  liquor  from  the  similar  opera- 
tions with  previous  lots  of  yam. 

The  yam  is  "  tramped "  in  the  liquor,  wrung  out. 
exposed  in  the  open  air,  and  dried  in  the  stove,  as  in  the 
previous  operations. 

^th  Operation :  Stf.epiiig. — Steep  the  yam  during 
20 — 24  hours  in  water  heated  to  55°  C,  wash  well,  and 
dry  in  the  store  at  about  60"  C.  If  the  yarn  contains 
much  unmodified  oil,  a  solution  of  carbonate  of  soda  at 
J°  Tw.  (Sp.  Gr.  1-0025)  may  be  used;  in  this  case  a 
second  steeping  for  two  hours  in  tepid  water  is  requisite 
before  washing,  <tc. 

\Oth  Operation:  Sumaching.  — A  decoction  of 
Sumach  is  made  by  boiling  60  kilos,  of  best  leaf  Sumach 
for  about  half  an  hour,  with  sufficient  water  to  make  the 
cold  filtered  solution  stand  at  1J°  Tw.  (Sp.  Gr.  1-0075). 
The  stoved  yam,  while  still  warm,  is  steeped  in  large  rats 
in  this  decoction  as  hot  (40° — 50°  C.)  as  it  can  be  borne 
by  the  boys  who  usually  tramp  it  with  bare  feet  beneath 
the  surface  of  the  solution.  After  steeping  about  4 — 6 
hours,  the  solution  is  drained  off,  and  the  excess  is 
removed  by  a  hydro-extractor. 

11th  Operation :  Mordanting  or  Alumiiig .—A.  basic 
solution  of  alum  is  made  by  dissolving  ordinary  rock- 
alum  in  hot  water,  and  when  nearly  cold,  adding  gradually 
a  cold  solution  of  one-fourth  its  weight  of  carbonate  of 
soda  crystals.  The  solution  is  made  to  stand  at  8°  Tw. 
(Sp.  Gr.  1'04).  Sometimes,  though  this  is  not  essential, 
a  further  addition  is  made  of  about  150 — 200  cubic 
centimetres  of  "red  liquor,"  16°  Tw.  (Sp.  Gr.  1-08), 
and  5 — 7  grams  of  tin-crystals  (SnCL)  per  kilo,  of  alum. 
The  sum  ached  yam  while  still  damp  is  tramped  in  the 
alum  solution  at  a  temperature  of  40°— 50°  0.,  and  left 


Chap.  XX.] 


ALIZARIN. 


433 


to  steep  for  twenty-four  hours.     It  is  then  thoroughly- 
washed  and  hydro-extracted. 

l'2th  Operation  :  Dyeing. — Dye  with  150 — 180  grams 
of  Alizarin  (10  per  cent.),  30  grams  of  ground  Sumach, 


Fig.  88.— Clearing  Boiler. 


and  about  300  grams  of  bullock's  blood,  per  kilo,  of  cotton 
yam.  If  the  water  contains  little  or  no  lime,  add  also 
ground  chalk  in  the  proportion  of  1  per  cent,  of  the 
weight  of  Alizarin  (10  per  cent.)  employed.  The  yarn  is 
introduced  into  the  cold  solution  of  the  dye-vessel,  the 
temperature  is  gradually  raised  to  100°  C,  in  the  course 
c  c 
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of  one  hour,  and  the  boiling  is  continued  for  ^ — 1  hour. 
After  dyeing,  the  yarn  is  washed,  although  this  is  not 
absolutely  necessary. 

13th  Operation:  First  Clearing. — Boil  the  yarn 
for  four  hours  at  3 — 4  pounds'  pressure  with  about 
30  grams  of  carbonate  of  soda  crystals,  and  30  grams  of 
palm-oil  soap,  dissolved  in  a  sufficiency  of  water,  per  kilo, 
of  yarn.  Wash  afterwards.  The  "clearing  boiler"  used,  and 

shown  in  Fig.  88,  and 
in  plan  in  Fig.  89,  is 
similar  in  construc- 
tion to  an  ordinary 
low-pressure  bleach- 
ing kier;  it  is,  how^ 
ever,  made  of  copper 
instead  of  iron.  a 
represents  the  yarn ; 
B  the  lid  provided 
with  safety  valve  and 
blow-oflf  pipe  ;  c  the 
perforated  false  bot- 
tom ;  D  the  puffer- 
pipe  ;  E  the  bonnet 
for  distributing  the 
liquor  over  the  yarn  ; 
P  the  draw-off  pipe.  During  the  boiling,  the  liquor 
which  collects  below  the  false  bottom  is  forced  by  the 
steam  up  to  the  top  of  the  puffer-pipe,  there  to  be 
ejected  and  spread  over  the  goods.  This  action  is  of 
an  intermittent  character,  since,  after  each  ejection  of 
the  liquor,  the  pressure  of  the  steam  must  accumulate 
below  the  false  bottom  until  it  is  again  able  to  overcome 
the  weight  of  the  column  of  water  in  the  puffer-pipe. 

14:th  Operation:  Second  Clearing. — Boil  the  yarn 
for  1 — 2  hours  at  3 — 4  pounds'  pressure  with  a  solution 
containing  25  grams  of  palm-oil  soap  and  1|  grams  of  tin- 
crystals  per  kilo,  of  yarn.  Wash  well  and  dry  in  an  open- 
air  shed.     Previous  to  drying,  the  large  excess  of  watei 
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TnTolo   %"""""  f  f'  ^^^^^"^^^  P^'^^«  represented 
m^ig.  90.     It  consists  of  a  strong  iron  framework  d  d 

with  a  strong,  fixed,  but  adjustable  head  a  above,  and 


D 
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Fig.  90.— Hydraulic  Press. 

a  similar  one  b  below,  attached  to  the  hydraulic  piston 
c^  and  thus  capable  of  being  moved  up  or  down.^  By 
means  of  this  machine  a  very  large  quantity  of  wet  yarn 
may  be  rapidly  and  efficiently  squeezed.       ^  ^ 

ihe  above  fairly  represents  the  '^  Emulsion  process  " 
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of  Turkey-red  yam-dyeing  as  practised  at  the  present 
time.  It  consists,  therefore,  of  a  somewhat  numerous 
series  of  operations,  occupying  usually  about  three  weeks' 
time,  and  although,  hitherto,  no  absolutely  satisfactory 
scientific  explanation  has  been  given  of  tlie  exact  nature 
of  the  chemical  changes  effected  by  every  detail  of  the 
whole  process,  still  their  general  character  is  tolerably  well 
understood.  The  object  of  the  frequent  steeping  in  oil- 
emulsion,  drying  in  the  open  air,  and  stoving,  is  to  im- 
pregnate the  fibre  evenly  and  thoroughly  with  oil,  and 
to  modify  it  in  such  a  manner  that  it  is  not  affected 
or  removed  by  weak  alkaline  solutions,  and  that  it 
will  attract  alumina  from  its  solutions. 

Many  kinds  of  oil  have  been  employed,  but  long 
experience  has  proved  that  olive  oil  gives  the  best  and 
most  certain  results.  The  particular  quality  of  oil  most 
suitable  for  the  purpose  is  that  obtained  by  a  second 
pressing  of  the  olives  after  they  have  somewhat  fer- 
mented and  been  steeped  in  boiling  water.  (Fr.,  huih 
tournante).  It  contains  nitrogenous  and  extractive  mat- 
ters, which  cause  it  gradually  to  become  rancid,  particu- 
larly when  exposed  to  the  air,  i.e.,  it  decomposes,  and 
a  portion  of  the  glycerine  and  fatty  acids  (margaric  and 
oleic  acids)  is  liberated.  One  of  the  chief  character- 
istics of  a  good  olive  oil  suitable  for  Turkey-red,  is, 
that  when  one  measure  of  it  is  shaken  up  with  about 
16  measures  of  sodium  or  potassium  carbonate  solution 
at  3"  Tw.  (Sp.  Gr.  1-015),  it  forms  a  white  milky  liquid 
or  emulsion,  from  which  the  oil  does  not  readily  separate 
even  after  standing  for  12 — 18  hours.  The  oil  which 
forms  the  most  perfect  and  permanent  emulsion  \^-ith 
the  lea-st  quantity  of  potash  or  soda  is  the  best.  This 
property  of  emulsifying,  however,  can  be  readily  imparted 
to  any  oil  by  mixing  it  with  5 — 15  j^er  cent,  of  oleic  acid. 

The  exact  nature  of  the  chemical  ctansres  which  the 
oil  undergoes  during  exposure  to  the  air  and  stoving  is 
unknown.  It  is  probable,  however,  that  under  the 
influence  of   the  alkaline  carlx)nate   and   heat,    the   oil 


Chap.  XX.]  ALIZARIN.  437 

is  decomposed  and  oxidised  in  such  a  manner  that  there 
remains  on  the  fibre  essentially  an  insoluble  oxyoleic 
acid.  Whatever  may  be  the  exact  chemical  composition 
of  the  modified  oil,  it  has  the  property  of  fixing  or  com- 
bining with  alumina,  and  the  compound  thus  produced 
can  further  combine  with  Alizarin  to  form  a  red-lake. 
The  effect  which  it  has  of  giving  brilliancy  and  fastness 
to  the  ultimate  colour  is  probably,  in  part  at  least,  due 
to  its  physical  action  of  enveloping  the  coloured  lake  with 
a  transparent  oily  varnish,  which  protects  it  more  or  less 
from  external  influences.  All  unchans^ed  oil  must  be 
removed  before  mordanting  (see  Operation  9). 

The  impregnation  of  the  cotton  with  tannin  matter 
fixes  an  additional  amount  of  alumina  on  the  fibre,  and 
tends  to  give  deeper  and  fullet*  shades.  Its  use  is,  how- 
ever, by  no  means  absolutely  essential,  as  seemed  to  be 
the  case  when  Garancin  or  Madder  was  used,  and  by 
some  dyers  it  is  not  used. 

During  the  steeping  in  alum  solution  an  insoluble 
basic  aluminium  compound  is  formed  with  the  modified 
oil  and  also  with  the  tannic  acid  if  present.  The  com- 
plex mordant  thus  fixed  on  the  cloth  at  this  stage 
combines  with  Alizarin  in  the  subsequent  dye-bath  to 
form  the  Turkey-red  lake.  The  bullock's  blood  used  is 
said  to  prevent,  by  reason  of  the  coagulation  of  its  albu- 
men, certain  impurities  accompanying  the  Alizarin  from 
being  fixed  on  the  cotton,  but  some  practical  Turkey-red 
dyers  say  that  blood-albumen,  glue,  and  other  substitutes 
which  have  been  tried,  cannot  entirely  replace  it.  It 
certainly  adds  brilliancy  and  purity  to  the  colour. 

The  "  First  Clearing  "  operation  is  for  the  purpose  of 
removing  any  remaining  impurities  which  the  mordant 
may  have  attracted  in  the  dye-bath,  but  for  which  its 
affinity  is  far  less  than  for  Alizarin. 

The  "  Second  Clearing  "  is  said  by  some  to  introduce 
into  the  already  extremely  complex  coloured  lake  a  small 
portion  of  stannous  oxide.  Others  allege  that  there 
is   simply   a   tin-oleate  produced,  which  is  melted  and 
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spread  over  the  fibre,  as  it  were,  without  entering 
into  chemical  combination  with  the  red-lake.  Liechti 
has  proved  analytically  that  as  much  as  60  per  cent, 
of  the  fatty  acid  of  the  soap  employed,  may  dis- 
appear and  become  fixed  in  this  manner  upon  the 
fibre. 

The  practical  object  of  this  operation  is  to  give  the 
colour  the  maximum  purity  and  brilliancy  of  which  it  is 
capable. 

401.  Steiner's  Process  for  Dyeing  500  kilos,  of 
Turkey-red  Cloth. — The  main  difference  between  this 
and  the  "'emulsion  process"  already  described,  resides  in 
the  mode  of  applying  the  oil.  In  the  process  now  to 
be  described  the  cloth  is  impregnated  with  the  requisite 
amount  of  oil  at  one  operation,  namely,  by  padding  it  in 
clear  hot  oil  instead  of  in  an  oil-emulsion,  after  which 
it  receives  several  passages  through  weak  solutions  of 
alkaline  carbonate. 

This  method  is  capable  of  yielding  a  Turkey-red 
dye  of  exceptional  brilliancy  and  intensity — better,  in- 
deed, than  it  is  possible  to  obtain  by  the  "  emulsion 
process." 

Is^  Operation.  Bleaching.  —  The  pieces  are  well 
washed  and  boiled  during  2 — 3  hours,  with  water  only  ; 
then  boiled  for  10 — 12  hours  with  22  litres  of  caustic 
soda,  70°  Tw.  (Sp.  Gr.  1*35),  and  washed:  then  boiled  a 
second  time  for  10  hours  with  16  litres  of  caustic  soda, 
70°  Tw.,  and  washed  ;  and  finally  steeped  for  two  hours 
in  sulphuric  acid,  2^^  Tw,  (Sp.  Gr.  1*01),  well  washed 
and  dried. 

In  order  to  avoid  tendering  the  fibre  in  the  next 
operation  by  reason  of  traces  of  acid  left  in  the  cloth,  it 
is  padded  with  carbonate  of  soda  solution  at  4°  Tw. 
(Sp.  Gr.  1-02),  and  then  dried. 

^nd  Operation.  Oiling. — The  cloth  is  padded  in 
the  open  width  in  olive  oil  maintained  at  a  constant 
temperature  of  110°  C. 

Fig.    91    represents   a     section    of    the    oil- padding 
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machine  of  Messrs.  Duncan  Stewart  and  Co.  It  consists 
of  a  double-jacketed  tank  b  (inside  copper^  outside  iron) 
for  containing  the  oil.  It  is  heated  bj  means  of  steam, 
and  is  provided  with  a  series  of  rollers  at  the  top  and 
bottom.  Above  is  a  pair  of  heavy  squeezing  rollers 
C.    The  cloth  is  passed  through  as  indicated  in  the  figure, 
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Fig.  91.— Oil-padding  Machine. 


being  well  opened  out  and  made  free  from  creases  before 
entering  the  oil,  by  means  of  the  straining  bars  AAA,  and 
afterwards  loosely  plaited  down  by  the  folder  D. 

After  padding,  the  cloth  is  detached  in  ten-piece 
lengths,  and  hung  in  the  drying  stove,  the  temperature 
of  which  is  raised  as  rapidly  as  possible  to  70°  C,  and 
this  is  maintained  for  two  hours. 

Srd  to  9th  Operation.  Liquoring. — Pad  the  cloth 
seven  times  in  the  open  width  through  a  solution  of 
carbonate   of   soda    at   4°  Tw.,   and  hang    in   the   stove 
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after  eacli  padding  operation,   maintaining  the  tempera- 
ture in  each  case  for  two  hours  at  75° — 77°  C. 

In  winter  the  padding  liquors  are  made  warm 
(35° — 40°  C),  but  in  summer  tliey  are  always  cold,  since 
if  too  hot,  oil  is  stripped  off  the  piece  to  an  excessive  and 
injurious  degree.  In  the  course  of  regular  working,  the 
liquors  soon  become  veritable  oil-emulsions,  and  constant 


i^.  92. — Section  of  Liquor-padding  iSIachine. 

oversight  is  necessary  in  order  to  maintain  their  specific 
gravity  as  constant  as  possible,  and  thus  ensure  ulti- 
mately a  regular  and  satisfactoiy  colour. 

A  section  of  the  liquor-padding  machine  of  Messrs. 
Duncan  Stewart  and  Co  is  shown  in  Fig.  92.  It  con- 
sists of  a  wooden  box  or  tank  a  to  hold  the  liquor, 
provided  with  rollers  above  and  below.  Over  this  are 
supported  two  paii^s  of  heavy  squeezing  rollers  B  c  and 
D  K  At  F  a  few  straining  bars  serve  to  open  out  and 
stretch  the  cloth  :  g  is  the  folder.  The  mode  of  passing 
the  pieces  through  the  machine  is  readily  understood 
from  the  diagram. 
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With  resrard  to 
the  stoving,  it  is  well 
to  bear  in  mind  that 
diirinor  the  first  stashes 
of  drying  much  va- 
pour is  given  off,  and 
special  attention  must 
be  given  to  ensure 
adequate  ventilation. 
Fig.  93  is  the  ground 
plan,  showing  heating 
flues,  and  sectional 
elevation  of  a  modern 
four-storeyed  Turkey- 
red  stove.  A  A  repre- 
sent ordinary  coal  fires 
situated  in  the  base- 
ment ;  the  hot  flue- 
gases  pass  first  through 
channels  made  of  fire- 
brick, then  through 
iron  pipes,  and  finally 
make  their  exit  to  the 
chimney  at  B.  The 
upper  part  of  the 
stove  is  divided,  by 
floors  of  iron-gi'ating, 
into  several  storeys 
C,  D,  E,  F,  each  of 
which  is  furnished 
with  wooden  frame- 
work, supporting,  one 
above  the  other,  two 
pairs  of  horizontal 
rails  provided  with 
short,  upright,  wooden 
pegs.  Over  these  pegs 
one  selvedge   of   the 
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cloth  is  firmly  hooked  alternately  from  right  to  left, 
while  the  other  is  allowed  to  hang  down  :  thus,  when  the 
stove  is  filled,  each  storey  is  closely  packed  with  two  tiers 
of  cloth  suspended  in  such  a  manner  that  the  heated  air 
from  below  can  readily  pass  between  each  fold. 

A  yam  stove  is  similarly  constructed,  but  in  this 
case  the  ends  of  the  rods  holding  the  yam  are  supported 
on  horizontal  rails  fi-ee  from  pegs. 

Another  mode  of  hancrino:  cloth,  but  one  which  is 
not  so  economical  of  space,  is  to  have  only  one  storey  in 
the  stova  Above,  near  the  roof,  are  fixed  a  number  of 
strong,  smooth,  wooden  i^ails,  on  which  the  cloth  is  sus- 
pended in  long  folds,  reaching  down  to  within  one  or 
two  feet  of  the  iron-ofratinsf  immediately  above  the  hot 
flues. 

In  all  cases  efficient  ventilation  is  secured  by  means 
of  numerous  side  windows,  which  can  be  readily  opened 
and  closed  at  wilL 

lO^A  Operation.  Steeping. — Run  the  cloth  in  the 
open  width  through  a  machine  consisting  of  a  large  vat 
divided  into  several  compartments  fitted  with  rollers 
above  and  below.  The  first  compartments  are  filled 
with  a  solution  of  carbonate  of  soda  at  |^°  Tw. 
(Sp.  Gr.  1-0025),  and  heated  to  40°  C.  The  last  is  filled 
with  water  only. 

The  cloth  is  then  well  washed,  and  di-ied  in  the  stove 
at  alKDut  65^  C. 

Wth  to  lith  Operation.  —  These  operations,  con- 
sisting of  mordanting.,  dyeing,  and  clearing,  are  precisely 
similar  to  those  already  described  for  yarn-dyeing. 

It  may  be  well  to  state  that  the  number  of  paddings 
in  dilute  soda  solution  (liquoring)  varies  according  to 
the  quantity  of  oil  which  it  is  desired  to  fix  upon  the 
clotL  Good  Turkey -red  contains  about  10  per  cent,  of 
modified  oil  on  the  fibre. 

402.  "Sulphated  Oil  Process"  for  Dyeing  500 
kilos,  of  Yarn  or  Cloth. — In  this  process  the  frequent 
repetitions  of  passing  the  fabric  through  oil-emulsions  or 
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sodium  carbonate  and  then  stoving  are  not  used.  The 
olive  oil  is  replaced  by  an  alkaline  solution  of  sulphated 
olive  or  castor  oil  {see  p.  234)  with  which  only  a  single 
impregnation  is  necessary,  followed  by  a  steaming  or 
stoving  process. 

Is^  Operation.  Bleaching  or  Boiling. — This  is  iden- 
tical with  that  already  given  in  describing  the  previous 
processes  for  yarn  and  cloth. 

2nd  Operation.  Preparing.  —  The  dry  cotton  is 
thoroughly  impregnated  by  "tramping"  or  "padding" 
with  a  cold  or  tepid  solution  of  10 — 15  kilos,  of  neutral- 
ised sulphated-oil  (50  per  cent.)  per  100  litres  of  water. 
The  excess  is  removed,  and  the  cotton  is  merely  dried  in 
the  stove,  or  it  may  be  heated  for  1 — 2  hours  to  75^^  C. 

2>rd  Operation.  Steaming. — The  prepared  and  dried 
cotton  is  submitted  to  the  action  of  steam,  2 — 5  lb. 
pressure,  during  1 — 1|-  hour. 

^th  Operation.  Mordanting. — The  cotton  is  worked 
and  steeped  for  2 — 4  hours  in  a  tepid  solution  of  com- 
mercial aluminium  acetate  (tin -red -liquor),  or  more 
economically  in  basic  aluminium  sulphate,  AU(S04).,(0H).,, 
at  8°Tw.  (Sp.  Gr.  1-04). 

After  mordanting,  the  excess  of  aluminium  solution 
is  removed  by  wringing  or  hydro-extracting,  the  cotton 
is  dried  and  then  either  simply  well  washed  in  cold 
water,  or  first  worked  for  half  an  hour  at  40° — 50°  C.  in 
a  chalk  bath  containing  20 — 30  grams  of  ground  chalk 
per  litre.  A  solution  of  sodium  phosphate  may  replace 
the  chalk  water.  Alkaline  fixing -agents  like  ammonia 
and  sodium  carbonate  are  best  avoided  in  case  any  of 
the  oil-preparation  should  be  stripped  off. 

hth  Operation.  Dyeing.  —  Dye  with  15 — 20  per 
cent,  of  Alizarin  (10  per  cent.),  with  the  addition  of  1  per 
cent,  of  its  weight,  of  chalk  or  acetate  of  lime.  The 
cotton  is  dyed  in  the  cold  for  half  an  hour  to  ensure  regu- 
larity of  colour,  the  temiDerature  is  then  gradually  raised 
to  70°  C.  in  the  course  of  an  hour,  and  the  dyeing  is  con- 
tinned  at  this  temperature  till  the  bath  is  exhausted. 
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The  cotton  is  then  well  washed  (although  with  highly 
calcareous  water  this  is  best  omitted),  hydro-extracted, 
and  dried. 

6^  Operation.  Second  Preparing. — The  dyed  and 
dried  cotton  is  again  impregnated  with  a  dilute  solu- 
tion of  neutralised  solphated  oil  (namely,  50 — 60  grams 
of  sniphated  oil  [50  per  cent.]  per  litre),  and  then  dried. 
This  second  preparing  may  also  take  place  after  the 
mordanting,  the  oil  being  then  fixed  by  means  of  a 
second  mordanting  with  a  weak  solution  of  basic 
alaminium  sulphate,  kc. 

1th  Operalioii.  Second  Steaming. — The  dried  cotton 
is  steamed  as  before,  for  one  hour. 

8^»  and  9th  Operations.  First  and  Second  Clearing. 
— These  may  be  identical  with  operations  13  and  14, 
described  in  the  "Emulsion  process,"  although  many 
chemists  think  that  soap  alone  should  be  used  here, 
and  consider  that  the  addition  of  stannous  chloride  is 
altogether  unnecessary  if  not  irrationaL 

The  **  sulphated-oil  process "  is  comparatively  so 
new,  that  numerous  slight  modifications  of  the  process 
as  here  giren  are  naturally  tried  and  adopted  by 
-various  dyers,  and  to  some  of  these  reference  will  now  be 
made. 

The  sulphated  -  oil  used  is  invariably  carefully 
neutralised,  either  with  caustic  soda  or  ammonia,  Asa 
rule,  ammonia  is  preferred,  since  even  the  addition  of  an 
excess  of  ammonia  would  have  little  or  no  injurious 
eflfect,  owing  to  its  volatility  ;  and  further,  the  ammonia 
compound  of  sulphated-oil  is  more  readily  decomposed  on 
steaming  than  the  sodium  compound,  and  a  more  com- 
plete fixing  of  the  oil  results.  Either  sulphated  castor 
oil  or  olive  oil  may  be  used.  Very  good  results  are  even 
obtained  by  the  simple  use  of  a  carefully  made  castor  oil 
soap,  which,  being  excessively  soluble,  and  giving  thin 
solutions,  is  well  fitted  to  impr^paate  the  fibre  thoroughly. 

In  the  "  preparing  "  process,  the  cotton  does  not  at- 
tract or  fix  any  of  the  oil     It  simply  absorbs  a  definite 
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amount  of  the  solution,  and  supposing  sulphated  olive 
oil  to  have  been  used,  the  prepared  cotton  contains 
the  sodium  or  ammonium  compounds  of  oxyoleic  acid 
and  of  the  glvcerine-sulphuric-ethers  of  oxyoleic  and 
oxysteaiic  acids,  these  being  its  constituent  elements. 
It  is  very  important  to  know  the  exact  percentage  of 
sulphated-oil  contained  in  the  solution,  since  it  is  this 
which  determines  the  amount  of  oil  and  alumina  ulti- 
mately fixed  on  the  cotton,  and  consequently  the  beauty, 
brilliancy,  and  fastness  of  the  colour. 

According  to  Liechti  and  Suida,  the  action  of  the 
Jirst  steaming  process  is,  to  decompose  the  ammonium 
or  sodium  compounds  of  the  ether  constituent  of  sul- 
phated-oil into  ammonium  or  sodium  sulphate,  glycerine, 
oxyoleic  and  oxystearic  or  trioxyoleic  acid,  according  as 
olive  or  castor  oil  has  been  employed.  The  other  con- 
stituent (oxyoleic  or  trioxyoleic  acid)  remains  unchanged. 
At  the  same  time  the  steaming  causes  a  better  penetra- 
tion of  the  fibre  by  these  oxidised  fatty  acids.  Some- 
times the  steaming  at  this  stage  is  altogether  omitted. 
The  decomposition  of  the  compound  ether  referred  to  may 
also  be  eflected  by  heating  the  dye-bath  to  the  boiling 
point  instead  of  only  to  70°  C,  the  bath  becomes  acid, 
and  the  brilliancy  of  the  colour  is  developed  suddenly. 

Fig.  94  represents  a  steaming-chest  for  yam  made  by 
Messrs.  Tulpin  Freres,  of  Rouen.  The  hanks  of  cotton 
are  suspended  on  square  wooden  rods  resting  on  an  iron 
skeleton-caniage  or  framework,  and  are  capable  of 
being  turned  during  the  steaming  process  to  ensure  every 
portion  being  efficiently  steamed.  The  ii'on  caniage  is 
supported  on  wheels,  so  that  it  can  be  filled  with  yam 
and  then  run  into  the  chest.  The  steaming-chest  itself 
consists  of  a  wrought-iron  horizontal  boiler,  with  a  mov- 
able door  at  one  end  pro"^*ided  with  clamps.  For  the 
prevention  of  drops  there  is  fixed  internally  and  at  the 
top  a  cover  of  sheet-copper,  in  such  a  manner  as  to  leave 
a  space  between  it  and  the  boiler-plate.  The  chest  is 
provided  with  a  steam-gauge,  safety-valve,  and  blow-ofi 
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Fig.  95.— Plan  and  Elevation  of  Continuous  Steaming-Chest. 
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pipe.  The  steam  enters  by  a  perforated  pipe  rnrming 
along  the  bottom  of  the  boiler,  and  ■vrhich  is  tisually 
covered  with  a  perforated  iron  plate. 

Cotton  cloth  may  be  reeled  and  suspended  on  rods 
in  a  similar  way,  or  it  may  be  steamed  in  the  continuous 
steaming-chest  of  Messrs.  Duncan  Stewart  and  Co.,  Glas- 
gow, represented  in  Fig.  9-5.  It  consists  of  an  annular- 
shaped  iron  cylinder  or  chamber  a  B,  in  the  upper  part 
of  which  a  series  of  brass  radial  rods  c  are  caused  to 
circulate  slowly  by  means  of  the  endless  screw  e  driven 
by  the  engine  d.  The  cloth  (in  the  open  width)  enters 
the  annular  space  through  a  pair  of  squeezing  rollers  at 
F.  By  an  ingenious  arrangement  the  cloth  is  suspended 
in  long,  loosely -hanging  folds  on  the  radial  rods,  is 
carried  round  the  annular  space,  and  makes  it--  exit  by  a 
second  pair  of  squeezing  rollers  at  G.  The  chamber  is 
constructed  of  boiler-plate,  so  that  the  goods  can  be 
submitted  to  high-pressure  steam.  Another  form  of 
contintious  steaming  -  machine  is  that  in  which  loose 
rods,  supporting  the  cloth  in  a  similar  manner,  are  passed 
continuously  by  means  of  endless  chains  through  a  lai^ 
rectangular  brick  chamber  filled  with  very  low-pressure 
steam. 

If  in  the  mordanting  process  the  cotton  was  merely 
dried  after  the  preparing  with  sulphated-oil,  there  ai^e  pro- 
duced upon  the  fibre  the  aluminium  compounds  both  of  the 
ether  and  of  the  oxy-  or  trioxy-oleic  acid  ;  but  if  it  was 
also  steamed,  there  is  then  fixed  on  the  fibre  essentially 
the  normal  aluminium  compound  of  oxy-  or  trioxy-oleic 
acid  (Liechti  &  Suida). 

A  brighter  colour  is  obtained  by  adding  a  small  pro- 
portion of  stannous  chloride  to  the  aluminium  solution, 
or  stannate  of  soda  to  the  oil  solution. 

Afrer  mordanting  and  washing,  a  slightly  basic 
aluminium  salt  remains  on  the  fibre,  its  basic  character 
being  generally  caused  by  the  calcareous  condition  of  the 
water.  Traces  of  lime  are  also  present.  II  previous 
to  washing,  a  warm  chalk  bath  is  used,  a  much  more 
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basic   and   more    calcareous    aluminium    compound    is 
formed. 

During  the  dyeing  process  there  is  probably  formed 
the  Alizarin  compound  of  the  basic  oxy-  or  trioxy-oleate 
of  aluminium  and  calcium  just  referred  to. 

^  If  there  is  a  deficiency  of  oil  on  the  fibre,  the 
brightest  shades  are  always  obtained  by  dyeing  at  the 
low  temperature  indicated  (70°  C),  but  otherwise  the 
temperature  may  be  raised  to  the  boiling  point,  although 
there  is  then  a  tendency  of  a  portion  of  the  oily  mordant 
being  softened  and  boiled  out,  especially  if  it  is  in  slight 
excess. 

With  the  use  of  pure  Alizarin— i.e.,  the  '-blue  shade 
of  Alizarin,"  as  it  is  generally  Called-^  a 'fiery  brilliant  red 
is  not  obtained ;  hence  such  as  contains  Isopurpurin  (An- 
thrapurpurin)— i.e.,  the  ''yellow  shade  of  Alizarin  "—is 
generally  preferred. 

The  second  preparing  and  steaming  operations  have 
for  their  object  the  neutralising  of  the  basic  compound 
present  on  the  fibre  at  this  stage.  This  operation  of 
steaming  after  dyeing  has  a  most  remarkable  eflfect  in 
giving  brilliancy  and  fastness  to  the  colour,  especially 
if  the  dyeing  has  been  conducted  at  a  low  temperature.  If 
100°  C.  was  employed,  then  the  brightening  effect 
has  taken  place  to  a  considerable  eS:tent,  if  not  entirely, 
already  in  the  dye-bath,  as  above  mentioned.  Sometimes 
the  second  preparing  is  omitted,  and  a  small  quantity 
of  neutralised  sulphated-oil  is  added  to  the  dye-bath 
instead. 

The  method  of  "clearing"  described  (seep.  434),  in 
which  the  cotton  remains  stationary  while  the  liquor  cir- 
culates through  it,  gives  very  much  better  results  than  if 
the  cotton  Were  Worked  vigorously  in  the  solution,  since  in 
this  latter  case  much  of  the  red-lake  would  be  mechanically 
removed  by  friction,  and  the  colour  would  look  poor  and 
weak. 

403.  The  Action  of  Lime-salts  in  the  Dye-bath. 
-^One  of  the  most  interesting  facts  comiected  witli  the 
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application  of  Alizarin,  is  the  necessity  of  the  presence  of 
a  lime  salt  in  the  dye-bath,  in  order  to  obtain  a  really 
good  serviceable  colour.  The  general  result  of  researches 
made  by  Schlumberser,  Rosenstiehl,  and  others,  with  a 
view  to  elucidate  this  point,  seems  to  favour  the  idea 
that  the  AKzarin-red-lake,  as  fixed  upon  textile  fibres, 
is  not  simply  an  aluminium  compound  of  Alizarin, 
but  one  which  also  contains  calcium  as  an  essential 
constituent. 

The   following   results  of  Liechti    and    Suida's    re- 
searches bearing  on  this  point  will  expjlain  this.     Pure 
aluminium  hydrate,  whether  in  its  precipitated  form  or 
fixed  on  the  fibre,  cannot  be  properly  dyed  with  Alizarin 
except  in   the   presence    of  lime    compounds.     Xormal 
aluminium  phosphate  behaves    similarly.      Xormal   alu- 
minium alizarate  [Al2(Cj^HgO^)3]  is  a  purplish-red  com- 
pound  soluble  in   water,   alcohol,  and  ammonia,     Basic 
aluminium     alizarates — e.g.    [Alo(Cj^^HgOJ(OH)J     and 
[Al^(Cj^HgO^)(OH)jn] — are,  on  the  contrary,  bright  red 
compounds,    insoluble  in  water  and  alcohol,   and    little 
soluble  in  ammonia,       Aluminium-calcium-alizarates   of 
very  varied  composition,  prepared  by  dyeing  aluminium 
hydrate  with  Alizarin  in  the  presence  of  calcium  acetate," 
are    mostly    reddish-brown  insoluble  compounds.       The 
amount  of  lime-salt  present  in  the  dye-bath  determines 
the  quantity  of  Alizarin  which  will  be  taken  up  by  the 
alumina,  and  the  amount  of  lime  taken  up  by  the  lake 
is    determined  by  the   quantity    of   Alizarin    employed. 
The  relative  proportions  of  Alizarin,  alumina,  lime,  and 
fatty  acid  present  in  the  lake  abstracted  from  Turkey- 
red  and  Alizarin-red- dyed  cotton,  vaiy  considerably,  ac- 
cording to  the  method  of  dyeing  employed  ;  as  a  rule,  a 
large  excess  of  alumina,  in  proportion  to  the  lime   and 
Adizarin,  is  present.     The  above-mentioned  authors  find 
that  alumina-mordanted  cotton,  when  dyed  with  Alizaiin 
in  the  presence  of  calcium  acetate,  takes  up  ^  molecule 
of  lime  for  each  molecule  of  Alizarin,  and  they  consider 
that  the  composition  of  the  lake  in  unsoaped  Alizaiin- 


Cliap.  XX. j  ALIZARIN.  451 

red -dyed    cotton   is    best    expressed    bv    the    formula 
[AlXa(Ci,HeO,)3(OH),]. 

404.  Another  Method  of  Dyeing  Alizarin  Red  on 
cotton,  in  use  among  calico-printers,  but  which  does  not 
give  quite  such  ^ast  colours  as  those  described  above,  is 
given  in  the  following  resume: — 

1.  Mordant  with  commercial  aluminium  acetate, 
5o_8o  Xw.  (Sp.  Gr.  1-025  —  1'04),  dry,  and  age  for 
1 — 2  days,  by  hanging  in  a  chamber  heated  to  50°  C, 
and  having  a  somewhat  moist  atmosphere. 

During  this  ":igeing"  process  much  of  the  acetic 
acid  escapes,  and  alumina  or  a  basic  aluminium  acetate  is 
fixed  on  the  fibre. 

2.  In  order  to  fix  the  alumina  more  completely, 
work  the  cotton  for  a  few  minutes  at  60°  C.  in  a  bath 
of  phosphate,  arsenate,  or  silicate  of  soda,  5 — 10  grams 
per  litre ;  then  wash  well  in  water. 

3.  Dye  with  Alizarin,  and  dry.  A  small  addition  of 
acetate  of  lime  is  used  if  necessary.  Since  the  cotton 
at  this  stage  contains  no  oil,  it  is  essential  to  the  obtain- 
ing of  a  bright  colour,  that  the  dyeing  should  take  place  at 
a  temperature  not  exceeding  70° — 75°  C. 

4.  Prepare  with  a  neutralised  solution  of  sulphated- 
oil,  50 — 100  grams  (50  per  cent.)  per  litre,  and  dry. 

5.  Steam  for  J — |  hour,  at  21b.  pressure. 

6.  Clear  as  before. 

405.  Alizarin  Pinks,  Purples,  &c.,  on  Cotton.  — 
Alizarin  jnuks  are  obtained  by  precisely  the  same  me- 
thods as  are  adojDted  for  reds.  The  aluminium  mordant 
employed  must,  however,  be  considerably  weaker — use, 
say,  aluminium  acetate  at  10°  Tw.  (Sp.  Gr.  1-05). 
Basic  mordants  are  avoided,  since  they  give  uneven 
colours,  and  even  normal  aluminium  sulphate  may  be 
used  with  advantage;  the  amount  of  Alizarin  (20  per 
cent.)  may  be  reduced  to  about  1  per  cent,  of  the 
weight  of  cotton,  and  the  proportion  of  oil-preparation  re- 
quired is  correspondingly  diminished.  The  most  pleas- 
ing pinks  are  those  produced  by  using  a  "  blue  shade  of 
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Alizarin,"  i.e.,  one  free  from  Isopurpurinj  Flavopurpiirin, 
or  PiirpuriiL 

Terv  good  fast  shades  of  purple  and  lilac  are  obtained 
from   Alizarin,  either  with  or  without   the  use  of  oil- 

prepai-ation  :  indeed,  the  use  of  oil  does  not  seem  to  add 
any  particular  brilliancy  to  the  colour,  but  serves  mainly 
to  fix  the  mordant,  and  to  make  the  colour  a  little  faster 
to  boiling  soap  solutions. 

When  the  cotton  is  prepared  with  oil,  according  to 
either  the  Emulsion  or  Steiner's  process  for  Turkey -red, 
it  is  mordanted,  worked  and  steeped  for  a  short  time 
in  a  solution  of  ferrous  sulphate  at  3' — 4''  Tw. 
(Sp.  Gr.  1-015 — 1-02);  it  is  then  allowed  to  lie  over- 
night, and  is  finally  well  washed. 

The  amount  of  iron  precipitated  on  the  fibre,  and  of 
Alizarin  subsequently  taken  up  in  the  dye-bath,  is  de- 
termined by  the  amount  of  oil  previously  fixed,  and 
not  merely  by  the  concentration  of  the  ferrous  sulphate 
solution-  For  the  darker  shades  of  purple,  therefore,  the 
cotton  should  be  well  prepared  with  oil,  while  for  pale 
shades  the  preparation  is  slight.  The  best  and  bluest 
shades  are  only  obtained  when  the  mordant  is  thoroughly 
saturated  with  Alizarin,  any  excess  of  uncombined  mordant 
gives  the  colour  an  unpleasant  dull-reddish  appearance. 

The  use  of  pyrolignite  of  iron  gives  somewhat  darker, 
brighter,  and  bluer  shades  than  the  sulphate.  Very  deep 
purplish  blacks  are  obtained,  and  with  less  oil-preparation, 
by  steeping  the  cotton,  previous  to  mordanting,  in  an 
infusion  of  gall  nuts,  or  other  tannin  matter. 

After  mordanting,  the  cotton  is  well  washed  and 
dyed  with  5 — 15  per  cent,  of  Alizarin  (10  per  cent,).  If 
the  water  is  not  sufficiently  calcareous,  it  is  very  essential 
to  add  the  necessary  quantity  of  chalk  or  acetate  of  lime 
to  the  dye-bath  (1 — 2  per  cent.).  After  dyeing,  the  cotton 
should  be  washed  and  soaped  at  a  temperature  of  60°  C 
When  not  prepared  with  oil,  the  cotton  is  prepared 
with  tannin,  by  working  it  in  a  cold  infusion  of  tannin 
matter  (equal  to  1 — 2  grams  of  tannic  acid  per  litre);  it  is 
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P     3oTw5''p'^?..?'^".'r    ^^   r>jroli,mte  of   iron 
1  -3   T^^.  (^p  Gr.  l-OOo-l -015),  and  finally  M-ashed. 

One  may  also  mordant  the  cotton  bj  impregnating  it 
with  pyro  Ignite  of  iron,  1°_3=  Tw.,  wrin^inS  out  the 
excess,  and  then  ^yorking  it  for  ten  minutes  at  ^50°  C  in 
a  solution  containing  20  cubic  centimetres  of  silicate  of 
soda  160  Tw.  (Sp.  Gr.  1-08)  per  litre,  and  finally  washing 
L  ^^^f  ^^'^P^^T7;.\giTes  greyish  yiolets,  FlayopurpuriS 
and  Purpurin  reddish  yiolets,  which  are  little  esteemed 

_  Various  shades  of  chocolate,  claret-red,  &c,  are  ob- 
tained wi  h  Alizarin,  by  mordanting  th;  oil-prepared 
cotton  with  a  mixture  of  aluminium  ami  iron  m^ordants 
either  m  the  state  of  sulphates  or  acetates.  Whether  the 
cotton  is  prepared  with  oil  according  to  the  Emulsion  or 
btemer  s  process,  or  by  the  Sulphated-oil  method,  it  is 
adyisab  e  to  work  it  in  a  weak  tannin  bath  before 
mordan  mg,  especially  for  the  darker  and  bluer  shades, 
since  a  better  proportion  of  iron  is  fixed  by  this  means. 

Ihe  different  shades  are  produced   by    varyincr   the 
relatiye    proportions  of   aluminium  and    iron    mordant 
remembering  always    to   yary   the  concentration  of  the 
tannin  bath  m  accordance  with  the  latter 

After  mordanting,  the  cotton  is  washed,  dved  with 
Alizai^,  prepared  with  weak  sulphated-oil,  steamed  and 
soaped,  as  already  described.  ' 

mnr^T^,^^  '^vf '  ""^ '^■^':'^'-^^  ^^7  ^Iso  be  obtained  by 
7JiTll^  .  ^  '"^^ -^"^  ^^  chromium  acetate,  instead 
ot  w  th  the  mixture  ot  iron  and  aluminium  salts 

Although  Alizarin  and  Anthrapurpurin  haye  been 
mainly  alluded  to  in  the  aboye,  the  other  members  of  the 
anthracene  group-namely,  Flayopurpurin  and  Purpurin 

sTmXr  sha'dt"  "  '"^''^^  '''  ^^"^  ^^'^^ '  ^^^  ^^'  '^^  '^ 
406.  Applicatio7i  to  Wool.--Alizs.rm  is  capable  of 
yielcung  a  number  of  pleasing  shades  on  wool,  according. 
to  the  mordant  used,  and  ought  to  be  largely  employed 
wheneyer  fastness  to  milling  and  to  light  is  required.  In 
conjunction    with   other    colouring    matters    which    are 
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sJTinilarly  applieA.  i:  nay  yield  an  endless  variety  of  shades. 
I^-  :  -  ~  A :  -  'i  -  :\  '  :  -   \  '  -  "  " " '     '  _  no  difficulty, 

-  _  _  _  _  /_ .  12 cr3 int  the  "vrool  ^th 

—  -  .      7.-      :  -Tim)  and 

'  —  :  __     :    :  .  ::•:.::  jr  ii-r  wool  into 

:    -   :    -  -    "^-T  :-:^_  :_re  gradually  to  the 

.„-      :    n  ir,   and  contimie  boiling   ^ — ^ 

-      :--  i.  separate badiL,  with  K'  -  -: 

:  -r    ;:,-_..:.  __ .    .  ;.nd  4 — 6  'percent,  of  acr - ; : r 

;:   --  — T     -     :  _.-         -_  :      - : : -  jxe  an  even  colour  it  is 

"'    -  ~ :   "    -  _■  -  . .   hour  in  the  cold   dye 

"       :    '  .-ature  gradually  in  the 

"_~        .    -_      : -i-Z,  and  boil  a  quarter 

'  -  '       After  dyeing, 

:_        --,     --       -,  _^  _    .    :    .T  ::  inthe  open 


'     -gam  of  tartar  to  the  mordanting 

ri.tial  to  the  production   of  a  full 

-iar  teands  to  give  intensity,  but 

'      Le  colour.      Care    must 

-   _.   7  -phate  used  is  free  from 

-  .  T : . ;  ~  of  mordant  the   colour  lacks 

"  y,  and  if  the  deficiency  is  excessive 
.I -red  is  obtained.     With  excess  of 

—  tti.  IS  to  become  yellower  and  less 
and  more  orange  shades  are  obtained 

.:!  the  aluiiiiii-.iin  .-Til phate,  1 — 4  per 

:  ride,  ir.    \  .  „.        r  a  further  addi- 

- --'    : :"  iream  oi  LarLar  is  necessary. 

"       '    -    dye-bath   of    acetate  of    lime 

:.:      ::     _"::-jjid    chalk)    is   also 

.:        -7     "  .^i-er    employed    is     not 

:"_.    ::  lime,  the  colour  is  poor 

■  -7  :-7-     :_.  is  not  exhausted ;  with 

:iuller. 

- .  _rs    given    by   the   various 

:..mily  rfcriouring  matters,  it  is 

_.   .:     .f  yidlds  a  very  blue  shade  of 
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red,  or  a  claret-red ;  Anthrapurpurin,  a  bright  red  ; 
Flavopurpurin,  a  somewhat  duller  and  yellower  red ; 
Purpiirin,  a  shade  approaching  that  given  by  Alizarin, 
but  much  yellower,  namely,  a  dull  brownish-red. 

To  obtain  Alizarin-orange  on  wool,  mordant  the  wool 
with  5 — 8  per  cent,  of  stannous  chloride  (tin-crystals)  and 
an  equal  weight  of  cream  of  tartar.  Dye  with  10  per  cent, 
of  Alizarin  (20  per  cent.)  without  the  addition  of  acetate 
of  lime.  With  the  addition  of  4 — 5  per  cent,  of  acetate 
of  lime  a  bright  orange-red  is  obtained,  but  without,  the 
colour  is  very  much  yellower.  Excess  of  lime  makes  the 
orange  still  redder,  but  it  is  apt  to  be  uneven.  Alizarin- 
orange  may  also  be  dyed  in  a  single  bath.  Alizarin 
gives  a  bright  reddish  orange  ;  Flavopurpurin  a  bright 
yellowish-orange.  The  colour  yielded  by  Anthrapurpurin 
holds  an  intermediate  place ;  it  is  a  bright  orange. 
Purpurin  gives  a  moderately  bright  orange-red. 

Yery  rich  claret-brown  shades  are  obtained  by  mor- 
danting the  wool  wdth  3  per  cent,  of  bichromate  off^otash 
and  1  per  cent,  of  sulphuric  acid  168°  Tw.  (Sp.  Gr.1-84). 
The  addition  of  the  sulphuric  acid  is  beneficial, 
since  it  tends  to  give  a  somewhat  yellower  and  fuller 
colour ;  it  is  not,  however,  absolutely  essential.  Dye 
with  10  per  cent,  of  Alizarin  (20  per  cent,).  The  addi- 
tion of  2 — 4  per  cent,  of  acetate  of  lime  to  the  dye- 
bath  makes  the  colour  somewhat  less  yellow,  or  bluer, 
though  apparently  slightly  less  intense.  Strange  to  say, 
its  addition  is  by  no  means  essential,  as  in  the  case  of  the 
aluminium  mordant  for  dyeing  reds.  Good  colours  are 
also  obtained  bv  the  single-bath  method ;  use  1  per  cent. 
IvoCroO.  and  I  per  cent.  HoSO^,  168°  Tw.  Kumerous 
fast  shades  of  brown,  olive,  purple,  &c.,  are  obtained  by 
associatinjj  Alizarin  with  such  colourinsr  matters  as 
Gallein,  Coerulein,  and  many  of  the  d\^e woods. 

The  shades  yielded  by  the  different  members  of  the 
Alizarin  group  with  chromium  mordant  are  as  follows  : 
Alizarin  gives  a  dull  purple  colour ;  Anthrapurpurin,  a 
much  redder  shade,  namely,  a  claret-brown ;  Flavopurpurin, 
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a  yellower  shade  of  claret-brown  ;  Piirpurin  gives .  the 
most  intense  colour  of  all,  namely,  a  deep  claret-brown. 

Very  good  shades,  ranging  from  bluish-^-iolet  to  slate, 
are  obtained  by  mordanting  wool  with  -4 — 8  per  cent. 
ferrous  sulphate  and  -i — 8  per  cent,  cream  of  tartar,  and 
dyeing  in  a  separate  bath  with  10  per  cent.  Alizarin  (20 
per  cent.)  and  5  per  cent,  carbonate  of  lime.  With  the 
single-bath  method  darker  colotirs  are  obtained,  but  they 
are  much  browner  and  duller ;  use  6  per  cent.  fejTOUS 
sulphate  and  0'6  per  cent,  oxalate  of  potash.  L'on-alum. 
employed  instead  of  ferrous  sulphate  gives  good  results. 

Copper  sulphate  as  the  mordant  gives  claret-browns, 
either  by  the  mordanting  and  dyeing  method  or  by  the 
single- bath  method. 

With  the  use  of  amnioniacal  sulphate  of  nickel  and 
uranium  salts,  as  mordants,  Alizarin  yields  nice  shades 
of  grey  and  slate. 

Applicaiio)i  to  Silk. — Alizarin  is  as  yet  little  used 
in  silk-dveinor.  Good  colours  may  be  obtained  bv  mor- 
d anting  the  silk  according  to  the  ordinary  methods,  and 
working  it.  after  dveing,  in  hot  soap  solutioiL 

407.  Nitro-Alizarin.  [Ci^H5-X0n'(0H)..]— This  col- 
ouring matter,  also  called  Alizarin  Orange,  is  produced 
by  the  action  of  nitrous  acid  on  .Alizarin.  It  is  applied 
to  the  various  fibres  in  the  same  way  as  Alizarin  ;  although 
it  yields  fast  colours,  it  finds  as  yet  only  a  comparatively 
limited  employment. 

Application  to  Wool. — With  aluminium  mordant  it 
yields  very  good  orange  colours.  Mordant  the  wool  with 
6 — 8  per  cent,  of  aluminium  sulphate  and  7 — 9  per  cent, 
of  cream  of  tartar.  Excess  of  mordant  renders  the  shade 
dulL  The  addition  of  acetate  of  lime  to  the  dye-bath 
makes  the  colour  browner. 

With  stannous  chloride  mordant  the  colotir  obtained 
varies  very  considerably,  according  to  the  amount  of 
mordant  employed.  With  a  small  amount  (1  per  cent,  of 
stannous  chloride  and  1-5  per  cent,  of  cream  of  tartar),  a 
very  reddish-orange  is  obtained  ;  with  double  the  amount, 
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the  colour  becomes  a  yellowish-orange  ;  with  4  per  cent, 
of  stannous  chloride,  only  a  dull  brown  is  obtained,  the 
normal  colour  being  evidently  destroyed  by  the  reducing 
action  of  an  excess  of  mordant.  The  addition  of  acetate 
of  lime  to  the  dye-bath  is  not  beneficial,  since  the 
yellowish-orange  colour  is  thereby  changed  to  brown. 

With  stannic  chloride  (equivalent  to  6  per  cent,  stan- 
nous chloride,  SnClg'^HgO)  an  orange  colour  is  also  ob- 
tained. Excess  of  mordant  does  not  destroy  the  colour  as 
in  the  case  of  stannous  chloride. 

With  copper  sulphate  mordant  a  very  good  brownish- 
red  is  obtained.  Use  4 — 6  per  cent,  of  copper  sulphate, 
without  calcium  acetate. 

With  ferrous  sulphate  as  the  mordant  a  purplish- 
brown  is  obtained.  Use  6 — 8  per  cent,  of  ferrous  sul- 
phate, without  calcium  acetate  in  the  dye-bath. 

Bichromate  of  potash  as  the  mordant  yields  dull 
brownish-reds.  Use  3  per  cent,  of  potassium  dichromate 
and  2  per  cent,  of  sulphuric  acid,  IGS*^  Tw.  (Sp.  Gr.  1-84). 
When  potassium  dichromate  alone  is  employed,  the  colour 
becomes  darker  with  increase  of  mordant,  even  till  16  per 
cent,  be  employed. 

408.  Alizarin  Blue  [C17H9NO J.  —  This  colouring 
matter,  also  called  Anthracene  Blue,  is  derived  from 
]Sitro-alizarin  by  heating  it  with  glycerine  and  sulphuric 
acid.  It  may  be  considered  as  the  quinolin  of  alizarin, 
and  has  in  consequence  both  basic  and  acid  properties. 
It  is  met  with  in  commerce  in  two  forms,  namely,  as  a 
paste  containing  about  10  per  cent,  of  dry  substance, 
and  as  a  powder  under  the  name  of  Alizarin  Blue  S. 
The  former  is  insoluble  in  water,  although  certain  com- 
mercial marks  (WX,  WR)  possess  some  degree  of 
solubility.  The  latter,  which  is,  indeed,  a  sodium  disul- 
phite  compound  of  Alizarin  Blue  (Cj7ll9N04-2N'aHS03), 
is  readily  soluble  in  water,  with  a  brownish-red  colour. 
Its  solutions  decompose,  if  heated  to  70^  C,  with  preci- 
pitation of  the  insoluble  form  of  blue.  With  lime  it 
forms  an  insoluble   compound  ;    hence   the  presence  of 
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lime  salts  in  the  dye-bath  must  be  avoided,  otherwise 
there  will  be  a  loss  of  colouring  matter. 

The  insoluble  form  of  Alizarin  Blue  may  be  applied  in 
dveing,  according  to  the  indigo- vat  method,  by  reducing 
it  with  zinc  powder  and  carbonate  of  soda,  or  by  the 
ordinary  method  of  mordanting  and  dyeing  in  separate 
baths.  When  the  latter  method  is  employed,  a  certain 
proportion  of  disulphite  of  soda  may  be  added  to  the 
dye-bath  to  render  it  soluble,  or  the  dyeing  at  100°  C. 
niust  be  long  continued.  Avoid  the  use  of  copper  dye- 
vessels. 

With  Alizarin  Blue  S  the  mordanting  and  dyeing 
method  only  is  employed. 

Application  to  Cotton. — Mordant  the  cotton  with 
chromium  according  to  the  alkaline  method.  Dye  in  a 
separate  bath  with  Alizai-in  Blue ;  raise  the  temperature 
crraduallv  to  the  boiling  point  in  the  course  of  an  hour 
and  a  half,  and  continue  boiling  for  half  an  hour. 

Application  to  Wool. — The  most  suitable  mordant  to 
employ  is  bichromate  of  potash,  in  the  proportion  of  3 — 6 
per  ceiit.  of  the  weight  of  wool.  The  addition  of  sulphuric 
acid,  168°  Tw.  (Sp.  Gr.  l-Si),  is  not  beneficial  if  used  in 
larger  amount  than  1  per  cent.  Dye  in  a  separate  bath 
with  Alizarin  Blue  :  raise  the  tempei^ture  gradually  to 
the  boiling  point,  and  continue  boiling  until  a  bright 
pure  shade  is  obtained.  AYith  insufficient  boiling  the 
colourins:  matter  is  only  superficially  attached  to  the 
fibre.  The  colour  obtained  is  a  bright  indigo-blue,  with 
purpKsh  bloom.  It  is  exceedingly  fast  to  scouring,  miU- 
m^,  light,  drc,  and  has  the  advantage  of  not  rubbing  off. 

When  aluminium  sulphate  is  the  mordant  employed 
a  purplish-blue  is  obtained,  which  is  very  liable  to  be 
uneven  unless  gi-eat  care  is  taken.  Use  6 — 8  per  cent,  of 
aluminium  sulphate  and  5 — 7  per  cent,  of  cream  of  tai-tar. 

With  stannoiLS  chloride  mordant  a  much  redder 
purple  is  obtained.  Use  4  per  cent,  of  staimous  chloride 
(crystals)  and  2  j>er  cent,  of  cream  of  tai'tar.  This  mordant 
is  not  suitable  for  employing  alone. 
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Ferrous  sulphate^  as  a  mordant  for  Alizarin  Blue,  is 
also  little  suitable.  It  gives  a  greenish-blue  colour,  pos- 
sessing little  brilliancy,  and  apt  to  be  uneven.  Mordant 
with  4  per  cent,  ferrous  sulphate  and  8  per  cent,  cream 
of  tartar. 

Application  to  Silk. — Mordant  the  silk  with  alumi- 
nium or  iron  in  the  usual  manner ;  wash  and  dye  in  a 
separate  bath  with  Alizarin  Blue.  Brighten  the  colour 
afterwards  by  boiling  the  silk  in  a  soap  bath. 


CHAPTER    XXI. 

ARTIFICIAL    COLOURIXG    MATTERS    CONTAINING    SULPHUR. 

409.  Cachou  de  Laval  (Poirrier). — This  dyestuff  is 
produced  by  fusing  sodium  sulphide  with  waste  vegetable 
or  animal  matter.  Care  should  be  taken  to  preserve  it  from 
becoming  damp  by  exposure,  otherwise  it  is  deteriorated, 
becomes  more  or  less  insoluble,  and  dissolves  with  a 
brown  colour.  It  is  specially  applicable  to  cotton,  and 
yields  various  buff  and  grey  colours,  which  are  very  fast 
to  acids  and  alkalis,  and  fairly  fast  to  light. 

A2:)plication  to  Cotton. — Dissolve  the  dyestuff  in 
boilins:  water.  The  normal  colour  of  the  solution  is  a 
deep  bottle-green  ;  if  it  is  brown,  add  a  little  carbonate 
of  soda,  and  boil  for  a  short  time.  Avoid  using  calcareous 
water,  either  for  solution  or  in  the  dye-bath,  since  this 
precipitates  the  colouring  matter.  If  lime  is  present, 
acidify  slightly  with  acetic  acid.  Add  the  colour  solution 
to  the  dye-bath,  also  sodium  sulphate  in  the  proportion 
of  40 — 70  per  cent,  of  the  weight  of  Cachou  de  Laval. 

Dye  the  cotton  for  about  half  an  hoiu',  at  a  tempera- 
ture of  GO'^  C,  in  a  somewhat  concentrated  solution  (100 
grams  per  litre).  Add  the  colour  solution  gradually. 
After  dyeing,  wash  well,  and  work  the  cotton  for  5 — 10 
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minutes,  at  50°  C,  in  a  dilate  solution  of  one  or  other  of 
the  following : — bichromate  of  potash,  ferrous  sulphate, 
copper  sulphate,  sulphuric  acid,  hydrochloric  acid.  Wash 
and  dry.  Cachou  de  Laval  acts  also  as  a  mordant,  so  that 
Tarious  shades  can  be  obtained  by  dyeing  afterwards  in 
solutions  of  basic  coal-tar  colouring  matters. 

Djewood  extracts  may  also  be  appKed,  since  these 
are  attracted  by  reason  of  the  metallic  oxide  present  in  the 
finished  Cachou  colour. 

410.  Canarin  (C3N3S3H). — This  yellow  colouiing 
matter  is  simply  perthiocyanogen.  It  is  produced  as  an 
insoluble  powder  when  potassium  thiocyanate  (sulpho- 
cyanide  of  potassium)  (C2f 'SK)  is  oxidised  by  potassium 
chlorate  in  the  presence  of  sulphuric  and  hydrochloric 
acid.  It  is  dissolved  by  boiling  it  with  a  solution  of  borax 
(100  grams  per  litre).  It  is  specially  adapted  for  dyeing 
cotton,  on  which  it  gives  bright  yellow  or  orange  shades 
extremely  fast  to  light,  alkalis,  acids,  and  hypochlorites. 
It  acts  as  a  mordant  for  basic  coal-tar  colouring  matters ; 
hence  pleasing  compound  shades  may  be  obtained  by  ap- 
plying these  in  a  separate  bath. 

Application  to  Cotton. — ^Add  to  the  dye-bath  the 
necessary  amount  of  borax  Canarin  solution  and  a  small 
amount  of  soap.  Introduce  the  cotton  cold,  and  raise 
the  temperature  gradually  to  the  boiling  point.  Rinse 
in  cold  water  and  dry. 

The  use  of  calcareous  water  in  dyeing  must  be 
avoided- 

Wool  may  be  dyed  in  a  similar  manner. 
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APPLICATIOX  OF  THE  MINEEAL 
COLOUEIXG   MATTEES. 

CHAPTER   XXII. 

CHR03IE     YELLOW IRON    BUFF MANGANESE     BROWN 

PRUSSIAN    BLUE. 

The  mineral  colouring  matters  applied  in  dyeing  are 
extremely  limited,  and  they  are  almost  entirely  confined 
to  the  vegetable  fibres,  the  most  notable  exception  in  this 
respect  being  Prussian  Blue,  and  this,  strictly  speaking, 
is  not  a  mineral  colouring  matter. 

411.  Chrome  Yellow.— Reference  has  already  been 
made  to  the  production  of  this  colour,  in  describing  the 
application  of  bichromate  of  potash  and  of  lead  salts  to 
the  cotton  fibre  {see  pp.  207,  225). 

In^  addition  to  the  methods  there  indicated,  the 
following,  specially  intended  for  orange,  may  be  used. 

Prepare  a  bath  of  plumbate  of  lime  by  adding  a  solu- 
tion of  15—25  kilos,  of  pyrolignite  of  lead  to  milk  of  lime 
contammg  20—30  kilos,  of  lime,  and  500  litres  of  water. 
The  mixture  is  well  agitated,  and  then  allowed  to  settle 
for  about  two  hours. 

The  cotton  is  worked,  and  steeped  in  the  more  or  less 
milky  supernatant  liquid  for  1—2  hours,  then  squeezed 
and  washed.  Dye  in  a  cold  or  tepid  (40^—50^  C.)  solu- 
tion containing  5  per  cent,  of  bichromate  of  potash,  and 
i— 1  per  cent,  of  sulphuric  afcid,  168°  Tw.  (Sp.  Gr.  1-84). 
Wash,  and  develop  the  orange  colour  by  passing  the 
cotton  into  clear,  boiling,  lime-water,  then  wash  and 
dry.  The  cotton  must  be  removed  from  the  lime-water 
bath  whenever  the  full  orange  colour  is  developed,  other- 
wise the  colour  loses  brilliancy. 

412.  Iron    Buflf. — This    colour    simply    consists    of 
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ferric  oxide.  It  is  produced  by  first  impregnating  the 
cotton  with  a  ferrous  salt  solution,  then  passing  it  through 
an  alkaline  solution^  to  precipitate  ferrous  hydrate  ;  the 
latter  is  then  changed  into  ferric  hydrate  by  simple  expo- 
sure to  the  air,  or,  preferably,  by  passing  the  cotton  into 
a  cold  dilute  solution  of  bleach  in  g-powder. 

Instead  of  a  ferrous  salt,  one  may  also  employ  a  ferric 
salt,  e.g.,  ferric  sulphate  or  nitrate.  The  cotton  is  simply 
impregnated  with  the  ferric  solution,  then  squeezed,  and 
passed  rapidly  through  a  dilute  solution  of  carbonate  of 
soda,  ammonia,  or  milk  of  lime.  In  this  case,  ferric 
hydrate  is  at  once  precipitated  on  the  fibre,  and  no  subse- 
quent oxidation  is  necessary. 

Iron  Buffs  are  very  fast  to  light  and  boiling  alkaline 
solutions,  but  are  sensitive  to  the  action  of  acids. 

413.  Manganese  Brown. — The  production  of  this 
colour  on  cotton  is  briefly  described  on  page  225  ;  it  is 
exactly  analagous  to  the  production  of  Iron  Bufi"  from 
ferrous  salts.  The  process  is  simplified  by  adding  a  little 
sodium  hypochlorite  to  a  solution  of  caustic  soda,  passing 
the  cotton  impregnated  with  manganous  chloride  at  once 
through  this  mixture.  In  this  case,  precipitation  and 
oxidation  take  place  simultaneously. 

It  is  very  important  always  to  use  caustic  soda  free 
from  carbonate,  otherwise  a  little  manganous  carbonate 
is  precipitated  on  the  fibre,  and  since  this  compound 
does  not  oxidise  readily,  the  colour  is  apt  to  be  ir- 
regular. 

According  to  A.  Endler,  irregularity  of  colour  may 
also  arise  from  the  unsuitable  physical  properties  of  the 
precipitate  itself,  when  it  is  produced  in  the  ordinary 
manner  described.  Endler  obviates  these  defects  by 
passing  the  cotton,  after  impregnation  with  manganous 
chloride,  into  a  bath  containing  25  litres  of  water,  7  litres 
of  ammonia,  and  500  grams  of  bichromate  of  potash. 
A  somewhat  unstable  chromate  of  manganese  is  formed  on 
the  fibre,  which,  on  decomposing,  allows  the  chromic  acid 
to  react  on  the  manganous  hydrate  and  change  it  into 
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some  higher  state  of  oxidation.    A  final  passa-e  in  dilute 
bleachlng-po^Yder  solution  completes  the  process. 

Manganese  Brown  is  very  fast  to  the  action  of  licrht 
alkalis,  and  acids.  °     ^ 

414.  'Prnssia^nBlue.—ApplicatwntoCoUon.—Fruss^mn 
-Blue  was  formerly  very  much  dyed  upon  cotton.    Since  the 
introduction  of  Aniline  blues  it  has  beenmuch  less  employed 
^       ihe  cotton  is  first  dyed  an  Iron  Bufi;  and  is  then  dved 
in  a  cold  solution  of  potassium  ferrocyanide,    20  ^rams 

?«Qo  T^'  Ti*^'  ^i'"  ^'^'^^^^'^^  °^  ^^  ^^'^°^^  of  sulphuric  acid, 
M^I'/^'P^^"-^*^^^-  ^'^sli  and  dry.  The  intensit; 
ot  the  blue  depends  upon  the  quantity  of  ferric  oxide 
tixed  upon  the  fibre  in  dyeing  the  bufl^: 

Fine  purplish  shades' of  blue  are  obtained  by  working 
the  cotton  at  30°  C.  in  nitro-sulphate  of  iron  at  5°  Tw° 
(fep.  Gr.  1  -025)  to  which  2—3  per  cent,  of  stannous  chloride 
has  been  added,  and  then  dyeing  in  a  cold  acidified 
solution  of  potassium  ferrocyanide.  Wash  and  dry;  or 
it  a  still  more  purplish  tone  of  colour  is  required,  work 
tor  a  short  time  m  a  tepid  bath  containing  Methyl  Yiolet 
or  Logwood  liquor. 

Alkaline  or  boiling  soap  solutions  readily  decompose 
Prussian  Blue,  leaving  brown  ferric  oxide  on  the  fibre 
JKrolpnged  exposure  to  sunlight  causes  the  blue   to  fade 
but  It  IS  restored  if  kept  for  some  time  in  the  dark 

^^g/2ca^io?i  to  IToo^.— Prussian  Blues  (sometimes  also 
called  Royal  Blues)  are  obtained  on  wool  by  means  of 
red  and  yellow  prussiate  of  potash,  i.e.,  potassium  ferri- 
and  ferrocyanide.     The  former  gives  the  best  results. 

_  Ihe  method  depends  upon  the  fact  that  when  a 
mineral  acid  is  added  to  solutions  of  either  of  these  salts 
the  corresponding  hydro-ferri-  or  hydro-ferro-cvanic  acids 
are  hberated,  and  these,  under  the  influence  of  heat,  and 
by  oxidation  decompose  and  produce  insoluble  Prussian 
Blue.  If  then,  wool  is  boiled  in  an  acidified  solution  of 
these  salts,  the  liberated  acids  are  taken  ui^  by  the  wool 
decomposition  takes  place  gradually,  and  Prussian  Blue 
IS  precipitated,  and  becomes  fixed  on  the  wool 
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The  wool  is  introduced  into  a  cold  bath  containing  a 
solution  of  10  per  cent,  of  red  prussiate  of  potash,  and  20 
per  cent,  of  sulphuric  acid  at  168^  Tw.  (Sp.  Gr.  I'Si)  ;  the 
temperature  is  gradually  raised  in  the  course  of  an  hour  to 
100°  C,  and  this  temperature  is  maintained  for  ^ — |  hour. 

The  colour  is  rendered  brighter  and  more  purplish  bv 
adding  1 — 2  per  cent,  of  stannous  chloride  daring  the  last 
half  to  three-quarters  of  an  hour  of  the  boiling. 

Although  sulphuric  acid  gives  the  best  result,  one 
may  also  use  nitric  or  hydrochloric  acid,  in  which  case 
the  shade  of  blue  is  modified  slightly.  Nitric  acid, 
for  example,  makes  the  shade  greener.  It  is  very 
usual  with  dyers  to  employ  a  mixture  of  all  three 
acids,  especially  when  yellow  prussiate  of  potash  is 
employed.  This  mixture  of  acids,  which  is  called 
*'  royal  blue  spirits,"  or  merely  "  blue  spirits,"  may  vary 
slightly  in  composition  with  different  dyers.  A  usual 
mixture  is  the  following:  4  measures  of  sulphuric  acid 
16S°Tw.  (Sp.  Gr.  1'84),  2  measures  of  hydrochloric  acid 
32°  Tw.  (Sp.  Gr.  1'16),  and  1 — 2  measures  of  nitric  acid 
61-^  Tw.  (Sp.  Gr.  1-;j2). 

When  yellow  prussiate  of  potash  is  employed,  the 
use  of  nitric  acid  gives  the  best  result,  probably  by  reason 
of  its  oxidising  action-  For  10  per  cent,  of  yellow  prus- 
siate of  potash  use  8 — 12  per  cent,  of  nitric  acid  64°  Tw. 

Instead  of  stannous  cUoride  in  the  ciystalline  state, 
the  dyer  generally  uses  it  in  solution,  as  "muriate  of  tin." 
It  is  often  sold  to  the  dyer  as  "  finishing  blue  spirits," 
though  under  this  name  it  generally  contains  a  slight  ad- 
dition of  sulphuric  or  oxalic  acid,  or  both.  These 
additions,  however,  are  not  essential. 

Another  method  of  dyeing  Prussian  Blue,  but  one 
now  seldom  employed,  is  the  following  : — 

The  wool  is  worked  for  two  hours  at  30°  C.,  in  a 
solution  of  feme  sulphate  2°  Tw.  (Sp.  Gr.  I'Ol),  con- 
taining 2 — 3  per  cent,  of  stannous  chloride,  and  2 — 8  per 
cent,  of  cream  of  tartar.  Tlie  material  is  then  well  washed, 
and  worked  for  two  to  thi'ee  hours  at  80° — 90°  C,  in  a 
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bath  containing  1  per  cent,  of  yellow  prussiate  of  potash, 
and  4  per  cent,  of  oxalic  acid,  or  sulphuric  acid,  168°  Tw. 
(Sp.  Gr.  1-84). 

In  the  first  bath  there  is  fixed  on  the  wool  ferric 
oxide,  which  combines  with  the  free  hydro-ferrocyanic 
acid  contained  in  the  second  bath.  The  depth  of 
blue  is  regulated  by  the  strength  of  the  ferric  sulphate 
solution,  and  the  amount  of  yellow  prussiate  in  the 
second  bath  should  correspond  to  the  amount  of  ferric 
oxide  fixed  upon  the  wool. 

Application  to  Silk. — Prussian  Blue  is  now  seldom 
dyed  on  silk,  except  as  a  groundwork  for  black. 

What  was  formerly  known  as  Raymond's  Blue  was 
dyed  as  follows  : — 

Work  the  silk  in  basic  ferric  sulphate  (nitrate  of  iron), 
5°  Tw.  (Sp.  Gr.  1  -025),  for  a  quarter  of  an  hour,  wring 
out,  and  let  lie  over-night.  Wash  well,  and  work  for  a 
quarter  of  an  hour  in  a  boiling  soap  bath  containing  about 
10  per  cent,  of  soap ;  wash,  and  dye  at  40° — 45°  C.,  for 
^ — ^  hour  in  a  fresh  bath  containing  9  per  cent,  of  yellow 
prussiate  of  potash,  and  12  per  cent,  of  hydrochloric  acid, 
32°  Tw.  (Sp.  Gr.  M6),  and  finally  wash  well. 

So-called  "  Napoleon's  Blue  "  is  a  brighter  blue,  pro- 
duced as  follows  : — 

Work  for  half  an  hour  in  a  cold  bath  containing  50 
per  cent,  of  basic  ferric  sulphate,  50°  Tw.  (Sp.  Gr.  1-25),  10 
per  cent,  of  stannous  chloride,  and  5  per  cent,  of  sulphuric 
acid,  168°  Tw.  (Sp.  Gr.  1*84);  wring  out,  wash,  and 
work  for  half  an  hour  at  40°  C.,  in  a  second  bath  contain- 
ing 10  per  cent,  of  yellow  prussiate  of  potash,  2 — 5 
per  cent,  of  red  prussiate  of  potash,  and  12 — 15  per  cent, 
sulphuric  acid,  168°  Tw.  (Sp.  Gr.  1-84).  After  wringing 
out  from  this  second  bath,  the  whole  process  is  repeated. 
Previous  to  drying,  the  silk  is  softened  and  brightened  by 
working  it  for  half  an  hour  in  a  cold  bath  containing  an 
imperfectly  made  sulphated-oil.  For  one  kilo,  of  silk, 
use  a  mixture  of  150  grams  of  ohve  oil  and  15  grams,  of 
sulphuric  acid,  168°  Tw.  (Sp.  Gr.  1-84). 

£  £ 
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THE  DYEIXG  OF  MIXED  FABRICS. 

CHAPTER  XXIII. 

FABRICS    OF    COTTON    AND    WOOL. 

415.  Mixed  fabrics,  or  unions,  may  be  of  the  most 
varied  charact.er.  The  wool  and  cotton  may  be  inter- 
mingled througboTit  the  whole  fabric ;  or,  what  is  more 
usually  the  case,  each  fibre  may  be  confined  to  separate 
threads,  forming  either  weft  or  warp. 

One  large  class,  comprising  Cashmeres,  Coburgs, 
Sicilians,  Alpacas,  Delaines,  ic,  are  thin,  light  materials, 
generally  used  for  ladies'  wear.  These  consist  of  cotton 
warp  and  woollen  or  worsted  weft,  and  may  well  serve 
for  illustrating  the  general  methods  employed  in  dyeing 
mixed  fabrics. 

Such  goods  are  made  in  two  ways  : — 

1.  The  cotton  warp  may  be  dyed  black,  brown,  dark 
blue,  drab,  <fc€.,  before  weavhig,  in  which  case  only  the 
woollen  or  worsted  weft  is  dyed  subsequently.  The 
finished  goods  are  then  said  to  be  "  cross-dyed." 

2.  When  only  light  shades  are  required,  the  cotton 
and  wool  are  always  woven  together  in  the  undyed  state, 
and  are  then  "  dyed  in  the  grey."  Dark  shades  are  also 
dyed  on  this  cloth. 

Gross-dyeing  is  always  preferred  for  medium  and 
better  class  goods,  since  it  is  then  possible  to  dye  both 
the  cotton  and  the  wool  with  a  greater  choice  of  colouring 
matter  and  process,  and  the  most  suitable  for  each  fibre 
may  be  employed.  The  cotton  warps,  for  example,  may 
then  be  dyed  with  such  colours  as  will  withstand  the  action 
of  acids,  so  that  acid-colours  maybe  used  in  dyeing  the  wooL 
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Brighter  colours,  too,  can  be  dyed  on  the  wool  because 
they  are  not  subsequently  soiled  by  the  mordanting  and 
dyeing  operations  otherwise  necessary  for  the  cotton. 
Further,  it  is  remarked  that  cross-dyed  goods  have  a 
much  softer  and  more  agreeable  "  feel "  or  "  handle  "  than 
those  dyed  from  the  grey. 

The  general  series  of  operations  to  which  the  materials 
are  subjected  in  dyeing  from  the  grey  may  be  enumerated 
as  follows :  wetting,  scouring  and  crabbing,  steaming, 
drying,  singeing,  wetting,  dyeing  the  wool,  washing, 
dyeing  the  cotton,  washing,  drying,  finishing.  In  practice, 
slight  deviations  are  made  to  suit  particular  goods,  or  to 
obtain  special  eflfects. 

Most  of  the  operations  have  been  already  described 
(see  pp.  76,  109,  286),  and  it  may  suffice  here  to  discuss 
the  dyeing. 

416.  Dyeing  of  Union  Goods. — For  light  and  medium 
colours  the  wool  is  dyed  first,  according  to  the  methods 
usual  for  wool,  in  the  machine  illustrated  on  p.  283. 
Care  should  always  be  taken  to  keep  the  shade  a  little 
lighter  than  that  ultimately  required,  since  the  wool 
invariably  acquires  a  little  colour  during  the  subsequent 
dyeing  of  the  cotton.  After  washing,  squeezing,  and 
opening  out  the  cloth,  the  dyeing  of  the  cotton  warp  is 
proceeded  with. 

The  dyeing  of  the  cotton  usually  requires  three  distinct 
operations,  namely,  impregnation  of  the  fibre,  first  with 
tannic  acid,  secondly  with  nitrate  of  iron,  stannic  chloride, 
or  tartar  emetic,  and  thirdly  with  the  solution  of  colouring 
matter.  In  order  to  influence  the  colour  of  the  dyed 
wool  as  little  as  possible,  all  these  operations  are  con- 
ducted in  the  cold.  The  machine  employed  and  the 
mode  of  procedure  are  given  on  p.  262. 

In  plain  colours,  much  judgment  and  practice  is 
required  on  the  part  of  the  dyer  to  make  the  colour  of 
the  cotton  and  of  the  wool  as  identical  as  possible  in  tone 
and  intensity. 

Sometimes — e.g.,  in  the  production  of  "  shots,"  "  figured 
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damasks,"  &c. — it  may  be  necessary,  however,  to  dye 
totally  distinct -colours  on  tlie  two  fibres  {e.g.^  red  and 
green),  and  produce  an  effect  like  that  obtained  if  the 
weft  and  warp  had  been  separately  dyed  before  weaving. 
Since  the  introduction  of  the  coal-tar  colours,  such  effects 
can  be  obtained  with  ease,  since  it  is  only  necessary  to 
choose  an  acid-colour  for  the  wool  and  a  basic-colour  for 
the  cotton. 

Heavy  woollen  goods  containing  cotton  warp,  are 
dyed  by  methods  similar  to  those  adopted  for  thin 
materials ;  but  since  the  quality  and  thickness  of  the  cloth 
render  it  unnecessary  to  keep  it  free  from  creases,  as  in 
the  former  case,  the  cotton  is  dyed  in  the  ordinary  winch 
dyeing  machine,  instead  of  in  the  jigger. 

Even  in  dyeing  ordinary  all-wool  goods,  it  is  fre- 
quently necessary  to  employ  the  methods  adoj^ted  for 
unions,  in  order  to  cover  or  dye  the  minute  white  or 
grey  specks  of  vegetable  fibres  appearing  on  the  face  of 
the  cloth,  and  arising  from  the  presence  of  seeds,  "  burrs," 
&c.,  in  the  wool  used.  The  operation  of  treating  such 
goods  with  tannin  matter  and  nitrate  of  iron  is  technically 
termed  "  burl  dyeing." 

The  following  brief  notes  will  serve  to  give  some 
idea  of  the  methods  adopted  in  dyeing  various  plain 
colours  on  unions. 

417.  Scarlet. — Various  methods  may  be  adopted. 

1.  Dye  the  wool  a  bright  scarlet,  with  Cochineal  and 
Flavin,  according  to  the  method  usual  for  wool,  making 
the  shade  a  little  yellower  and  paler  than  required,  since 
in  dyeing  the  cotton  subsequently  the  wool  acquires  a 
bluer  and  deeper  shade.  Wash  and  dye  the  cotton  as 
follows :  pass  the  pieces  for  one  hour  through  a  cold 
infusion  of  Sumach,  then  for  1 — \^  hour  through  a  solu- 
tion of  stannic  chloride  at  3°  Tw.  (Sp.  Gr.  1-015).  Wash 
and  dye  the  cotton  yellow  in  a  cold  decoction  of  Quercitron 
Bark,  then  wash  and  dye  in  a  cold  decoction  of  Peach- 
wood,  until  the  proper  shade  is  obtained. 

2.  Dye  the  wool  in  the  usual  way  with  one  of  the 
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Azo  Scarlets,  Wc\sli,  and  dye  the  cotton  with  a  cold  solution 
of  Crocein  Scarlet  and  alum.  The  cotton  may  also  be 
dyed  by  prejDaring  it  Mdth  Sumach  and  tartar  emetic,  and 
dyeing  with  a  mixture  of  Safranine  and  Auramine. 

3.  A  third  method  would  be  to  dye  the  cotton  and 
wool  in  one  bath  by  means  of  Congo  Red  or  Benzopurpurim 

418.  Yellow.— Dye  the  wool  with  Flavin,  stan- 
nous chloride,  and  tartar,  or  with  a  coal-tar  Acid- 
Yellow  j  wash,  and  dye  the  cotton.  Prepare  it  first  with 
tanmc  acid,  then  with  tartar  emetic ;  wash  and  dye  in 
a  cold  solution  of  Flavaniline  or  Auramine. 

419.  Orange.— Orange  is  dyed  in  the  same  manner 
as  yellow,  but  a  little  Cochineal  is  added  along  with  the 
Fla\^n,  or  one  may  use  one  of  the  acid  Azo  Oranges  to 
dye  the  wool.  For  the  cotton,  a  little  Safranine  must  be 
used  m  addition  to  the  Flavaniline  or  Auramine. 

420.  Green.- 1.  Dye  the  wool  first  with  Old  Fustic, 
Turmeric,  Indigo  Extract,  alum,  and  tartar. 

Dye  the  cotton  by  padding  the  pieces  once  or  twice  in 
nitrate  of  ii'on,  3°  Tw.  (Sp.  Or.  l-Olo),  then  wash,  and 
pad  m  a  cold  solution  of  yeUow  prussiate  of  potash. 
When  the  cloth  is  uniformly  impregnated  with  it,  acidify 
the  solution  with  sulphuric  acid,  and  pad  the  cloth  in  the 
solution  again.  The  cotton  will  thus  be  dyed  Prussian 
Blue,  and  this  is  changed  to  green  by  padding  in  a  cold 
decoction  of  Old  Fustic,  to  which  has  been  added  acetate 
of  alumina  (red  liquor).     Wash  slightly  and  dry. 

Another  method  is  the  following  : 

2.  Dye  the  wool  in  a  neutral  bath  with  Malachite 
Green,  or  m  an  acid  bath  with  an  Acid  Green,  and  wash 

Mordant   the    cotton    with    tannic   acid,    then    with 
stannic  chloride  or  tartar  emetic,  and  wash.     Dye  the 
cotton  in  a  cold  solution  of  Malachite  Green. 
^      If  yellow  shades  of  green  are  required,  add  Auramine 
in  the  requisite  quantity. 

11  ^^1.-  21^e-l.  Z.y.^;  ^/,,..-_Dye  the  wool  a  pale 
blue  with  Indigo  Extract,  alum,  and  tartar,  and  wash. 
Dye  the  cotton  cold  m  two  baths ;  (1)  a  weak  solution  of 


470  DYEING   OF   TEXTILE    FAERICS.        [Chap.  XXTEI. 

nitrate  of  iron ;  (2)  a  dilute  solution  of  yellow  prussiate 
of  potash,  acidified  with  sulphuric  acid. 

2.  Royal  Blue.-  —Mordant  the  cotton  by  padding  the 
pieces  in  nitrate  of  iron  4-°  Tw.  (Sp.  Gr.  1'02),  then  in 
carbonate  of  soda  (4° — 6^  Tw.),  and  washing  in  water. 
These  operations  -may  be  repeated  two  or  thi'ee  times, 
according  to  the  shade  of  blue  required. 

Dye  both  the  cotton  and  the  wool  in  a  solution  con- 
taining yellow  prussiate  of  potash  and  sulphuric  acid 
168°  Tw.  (Sp.  Gr.  1-84)  (10  per  cent,  of  the  weight  of 
cloth  of  each).  Enter  the  cloth  cold,  and  raise  the 
tempei'ature  gi-adually  to  the  boiling  point  in  the 
course  of  1 — \h  hour.  During  the  last  half-hour  add 
a  small  quantity  of  stannous  chloride  to  brighten  the 
colour.  Should  the  coloiu'  of  the  cotton  suffer  during  the 
dyeing  of  the  wool,  and  become  too  pale,  it  can  be  readily 
restored  by  workinsr  asrain  in  weak  nitrate  of  iron,  and 
in  an  acidided  solution  of  yellow  prussiate  of  potash. 

Another  method  of  dying  Royal  Blue  is,  to  dye  the 
wool  first  with  an  acidified  solution  of  yellow  prussiate 
of  potash,  in  the  manner  already  given,  and  wash.  The 
cotton  is  then  dyed  a  Logwood  purple  by  working  the 
goods  for  a  short  time  in  a  cold,  weak  infusion  of 
Sumach,  then  in  a  solution  of  muriate  of  tin  2°  Tw, 
(Sp.  Gr.  1*01)  for  half  an  hour.  Wash  and  dye  in 
a  cold  weak  decoction  of  Logwood.  Without  washing, 
the  cloth  is  then  padded  in  weak  nitrate  of  ii'on,  and 
after  being  well  washed,  the  cotton  is  dyed  blue,  by  first 
working  in  a  cold  solution  of  yellow  prussiate  of  potash 
without  acid,  then  acidifying  suitably  with  sulphuric 
acid,  and  working  the  cloth  in  it  luitil  the  blue  is 
properly  developed. 

3.  Aniline  Blue. — Dye  the  wool  first  with  Alkali 
Blue,  and  wasL 

Dye  the  cotton  Prussian  Blue  by  padding  first  in  a 
weak  solution  of  nitrate  of  iron,  washing,  and  dyeing  in 
an  acidified  solution  of  yellow  prussiate  of  potash. 

The  cotton  may  also  be  dyed  with  aniline   blue  by 


Chap.  XXIII.]  DYEING    OF    MIXED    FABRICS.  471 

working  the  cloth  first  in  a  solution  of  tannic  acid,  and 
then  in  tartar  emetic,  and  dje  with  Night  Blue,  Methy- 
lene Blue,  or  Soluble  Blue  acidified  by  the  addition  of 
alum  or  sulphuric  acid. 

422.  Purple. — Dye  the  wool  first,  according  to  the 
usual  method,  with  Methyl  Violet  or  Acid  Violet,  and 
wash  well. 

Mordant  the  cotton  with  tannic  acid  and  tartar 
emetic,  wash,  and  dye  cold  with  Methyl  Violet. 

423.  Brown. — Mordant  the  cotton  in  a  cold  infusion 
of  Sumach,  then  in  dilute  nitrate  of  iron,  and  lastly  in 
dilute  stannic  chloride.  After  washing  well,  dye  the 
cotton  and  the  wool  together  with  a  decoction  of  Peach- 
wood,  Log  wood,  iTurmeric,  in  suitable  proportions,  to  which 
has  been  added  a  certain  amount  of  alum  and  copper 
sulphate.     Dye  at  a  temperature  of  80° — 100°  C. 

Browns  are  also  frequently  dyed  by  employing  mix- 
tures of  suitable  coal-tar  colours, 

424.  Drabs,  Greys,  &c. — The  wool  is  dyed  first, 
according  to  the  usual  methods,  with  decoctions  of 
Peachwood,  Old  Fustic,  and  Indigo  Extract,  in  suitable 
proportions,  to  which  have  been  added  alum  and  tartar. 
As  a  rule,  it  is  best  to  dye  the  cotton  slightly  darker 
than  the  wool,  for  if  it  is  in  the  least  under- dyed,  the 
cloth  has  a  mottled  appearance. 

The  cotton  is  dyed  by  first  padding  it  in  a  cold  decoc- 
tion  of  Sumach,  and  afterwards  in  nitrate  of  iron.  The 
strength  of  both  these  solutions  varies  according  to  the 
depth  of  shade  required. 

It  is  impossible  to  give  the  precise  amounts  of  each 
ingredient  to  be  employed,  so  much  depends  upon  the 
exact  tint  to  be  obtained, 

425.  Black. — Mordant  the  cotton  by  working  it  for 
2 — 3  hours  in  a  cold  infusion  of  tannin  matter,  then  for 
about  one  hour  in  nitrate  of  iron  4°  Tw.  (Sp.  Gr.  1*02), 
and  wash  well. 

Mordant  the  wool  by  boiling  J — 1  hour  with  2 — 3 
per  cent,  of  bichromate  of  potash,   and  wash.     Dye  the 
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cotton  and  the    wool  simultaneously    by  boiling    with 
Logwood  and  Old  Fustic. 

426.  The  dyeing  of  mixed  fabrics  of  cotton  and  sUk^ 
and  wool  and  silk,  is  of  comparatively  little  importance. 
It  is  met  with  rather  as  a  speciality  than  as  a  prominent 
branch  of  dyeing.  It  does  occur,  however,  e.g.,  in  the 
dying  of  Barege,  Grenadine  (silk  and  wool),  umbrella 
cloths  (silk,  wool,  and  cotton),  &c.,  and  perhaps  most  of 
all  in  the  re-dyeing  of  worn  articles  of  clothing  (job- 
dyeing).  Fabrics  of  cotton  and  silk  would  be  treated 
somewhat  like  those  of  cotton  and  wool,  while  those 
consisting  of  wool  and  silk  would  present  less  diffi- 
culty, since  the  behaviour  of  these  two  fibres  towards 
colouring  matters  is  more  or  less  similar,  and  a  modifica- 
tion of  methods  suitable  either  for  wool  or  silk  might  be 
adopted. 


473 


EXPEEIMEJSTTAL     DYEIISTG. 


CHAPTER  XXIV. 

METHOD    OF    DEVISING    EXPERIMENTS    IN    DYEING, 

427.  Experiments  with  Catechu.  —  In  the  present 
chapter  it  is  intended  to  give  some  idea  of  the  manner 
in  which  the  intelligent  textile  colourist  proceeds,  in 
order  to  discover  the  best  methods  of  applying  colour- 
ing matters  to  textile  fibres. 

As  an  interesting  example,  the  fixing  of  Catechu  on 
cotton  may  be  taken  : — 

Fii'st  of  all,  the  solubility  of  the  colouring  matter  in 
ordinary  solvents  should  be  determined,  e.g.,  in  water, 
acetic  acid,  alkalis,  &c.  The  behaviour  of  the  solutions 
towards  ordinary  practically  useful  reagents  should  then 
be  ascertained. 

An  aqueous  solution  of  Catechu  thus  tested  would, 
for  example,  show  the  following  properties  : 

Gelatin  gives  a  voluminous  reddish-coloured  ijre- 
cipitate. 

A  Ikalis  give  the  solution  a  brownish  coloration. 

Lime-water  gives  a  yellowish  coloration,  and  a  pre. 
cipitate. 

Aluminium  salts  cause  the  solution  to  become 
lighter-coloured  and  yellowish. 

Ferrous  salts  impart  an  olive-green  coloration. 

Ferric  salts  impart  a  dark-green  coloration. 

Copper  sulphate  gives  an  olive  coloration. 

Copper  acetate  gives  a  copious  dark-brown  precipitate. 

Lead  salts  give  a  yellowish-grey  precipitate. 
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Poiagskun  diekromate  gives  a  copious  brown  pre- 
cipitate: &C,  &c 

If  a  piece  of  calico  is  impregnated  with  an  aqueous 
solution  of  Catedin,  then  dried,  and  at  once  washed,  most 
of  the  colouring  matter  will  be  removed ;  i^  however, 
previous  to  'washing,  it  is  allowed  to  hang  for  a 
lengthened  period,  or,  better  still,  if  it  is  st-eamed,  it 
wiU  be  observed  that  a  portion  of  the  colouring  matter 
will  become  oxidised  and  thus  fixed  on  the  fibre.  This 
takes  place  stiU  more  largely  if  a  weak  alkaline  solution 
€i  CatedLU  be  employed,  or  if  some  oxidising  agents — e.g., 
certain  copper  salts— be  added  to  the  aqueous  solution. 
The  best  lesoltB,  however,  are  obtained  by  passing  the 
steamed  calico  through  a  solution  of  potassium  dichro- 
mate,  a  fact  whidi  was  already  indicated  by  the  result 
obtained  in  the  lasl^mentioned  of  the  examinations  in  the 
test-tab&  Gre^ush  tones  of  colour  are  obtained  by 
paMOCTTig  tlie  doth  afterwards  into  iron  solutions,  or  by 
padding  the  white  calico  in  an  aoetic  acid  solution  of 
Oatechu  containing  ferrous  sulphate,  drying,  and  steaming. 
If  in  this  last  case  the  steamed  calico  be  further  passed 
into  pota;^um  dichromate  solution,  ihe  colour  is  greatly 
developed  in  intensity,  and  beoranes  browner. 

From  the  foregoing  preliminary  experiments,  the 
method  of  applying  Oatechu  to  calico  might  be  formulated 
as  follows :  Pad  the  cotton  in  an  aqueous,  alkaline,  or 
aoeitic  acid  solution  of  Oatechu,  dry,  age,  steam,  pass 
through  a  solution  of  potassium  dichromate,  and  wash, 
i.c.,  if  brown  tones  of  colour  are  required.  For  obtain- 
ing greenish  tones,  the  method  to  be  adopted  would 
be  to  pa;^  the  calico,  after  steaming,  through  iron 
solutions,  or  to  add  ferrous  sulphate  to  the  paddiDg 
solution. 

But,  however  interesting  the  observations  just  re- 
corded may  be,  only  a  very  small  portion  of  the  problem 
has  thus  been  solved;  the  question  still  remains,  what 
relative  and  absolute  proportions  of  the  various  in- 
gredients should  be  employed,  in  order  to  obtain  the 
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most  satisfactory  result  ?  Further,  what  are  the  best  con- 
ditions under  which  the  several  substances  must  be 
applied;  as  regards  temperature  of  solutions,  duration  of 
steeping,  steaming,  exposure  to  air,  &c. 

To  answer  these  questions,  another  senes  of  experi- 
ments is  necessary.  Several  solutions  are  made, 
containing  25,  50,  100  grams  of  Catechu  per  litre  of  hot 
water,  in  each  of  which  a  "  swatch,"  "  fent,"  or  "  sample" 
of  calico  of  suitable  size  is  padded,  then  dried,  and 
steamed.  In  a  similar  manner  several  solutions  of 
potassium  dichromate  are  made,  containing,  e.g.^  5, 
10,  20  grams  of  K2Cr207  per  litre,  and  portions  of  each 
padded  sample  are  passed  into  each  dichromate 
solution,  for,  say,  two  minutes  at  the  ordinary  tempera- 
ture. Similar  portions  are  passed  through  identical 
solutions  at  a  medium  temperature,  say,  50°  C,  and 
others  again  at  the  boiling  point. 

The  expeiiments  can  be  fui-ther  extended  by  sub- 
stituting alkaline  chromate  solutions  for  the  potassium 
dichromate,  or  by  adding  varying  quantities  of  some 
iron  salt — e.g.,  ferrous  sulphate — to  the  Catechu  solution 
before  padding,  and  then  passing  the  cloth,  as  before, 
through  acid  or  alkaline  chromate  solutions.  Experi- 
ments may  also  be  instituted  to  determine  the  best  mode 
of  applying  other  colouring  matters  in  conjunction  with 
Catechu,  in  order  to  obtain  various  shades  of  colour,  kc. 

428.  Experiments  with  Tannic  Acid. — On  adding  a 
solution  of  tartar  emetic  to  a  solution  of  tannic  acid 
(especially  if  ammonium  chloride  be  added),  a  volumi- 
nous white  precipitate  is  obtained,  which,  on  experi- 
ment, is  found  to  possess  the  power  of  attracting  most 
of  the  coal-tar  colouring  matters  of  a  basic  character  from 
their  solutions,  and  combining  with  them  to  form  colour- 
lakes,  insoluble  even  in  soap  solutions.  With  these  pre- 
mises, let  it  be  supposed  that  it  is  the  object  of  the  dyer 
to  determine  by  a  series  of  experiments  what  are  the 
most  favourable  conditions  for  producing  these  colour- 
lakes  upon  the  cotton  fibre. 
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The  method  of  procedure  would  be,  first  of  all,  to  pre- 
pare several  tannin  solutions  of  different  degrees  of  con- 
centration, containing,  for  example,  2-5,  5,  10,  15,  20,  25 
grams  of  technically  pure  tannic  acid  per  litre.  In  each 
of  these  solutions  a  piece  of  calico  should  be  steeped  for  a 
definite  period,  say  six  hours,  and  after  removing  excess  of 
liquid  by  squeezing,  <fcc.,  each  piece  should  be  divided  into 
three  portions.  One  portion  of  each  might  be  passed  at 
o)ice — i.e.,  in  its  moist  condition — into  a  solution  of  tartar 
emetic;  a  second  portion  might  be  first  dried;  and  a  third 
portion  might  be  dried  and  steamed  previously.  All  the 
"swatches"  might  be  immersed  together  in  the  same 
bath,  if  only  one  is  assured  that  there  is  excess  of  tartar 
emetic  present.  After  a  quarter  of  an  hour's  immersion 
they  should  be  thoroughly  washed,  to  remove  all  loosely 
adhering  precipitate,  and  then  passed  into  a  solution  of 
some  basic  coal-tar  colouring  matter — e.g..  Methylene 
Blue. 

The  swatches  are  kept  constantly  stirred  during  im- 
mersion, and  are  thus  dyed  in  the  cold  for  about  half  an 
hour  ;  from  time  to  time  further  sKght  additions  of  colour 
solution  are  made ;  the  bath  is  then  gradually  heated  to 
about  60°  C,  and  the  swatches  are  allowed  to  remain  in 
the  solution  until  they  have  acquired  the  maximum 
intensity. 

They  are  now  taken  out  and  well  washed,  and  each 
swatch  is  divided  into  two  parts.  One  half  is  dried,  the 
other  is  worked  for  about  a  quarter  of  an  hour  in  a  soap- 
bath,  heated  to  say  60°  C,  then  rinsed  in  water  and 
dried.  Of  course,  each  separate  swatch  is  marked  by  holes 
cut  near  the  edge,  in  order  to  distinguish  it  from  the 
rest,  and  eventually  they  should  all  be  2:>asted  in  a  pattern 
book,  and  references  to  each  should  be  wTitten  at  the  side. 

If  all  the  different  coloured  swatches  are  then  care- 
fully compared  with  each  other,  the  following  determina- 
tions may  be  made  : — 

1.  The  amount  of  tannic  acid  necessary  to  employ 
for  obtaining  a  definite  shade  of  blue. 
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2.  The  beneficial  effect  produced  by  drying  or  steam- 
ing of  the  tannin-prepared  cotton  is  quantitatively 
determined,  and  it  is  at  once  seen  how  defective  is  the 
method  usually  employed  of  passing  the  material  in 
its  damp  condition  direct  into  the  tartar  emetic  bath. 
The  difference  is  specially  noticeable  in  the  soaped 
swatches. 

As  to  the  proper  concentration  of  the  tartar  emetic 
bath  to  be  employed,  this  cannot  be  authoritatively 
determined  on  the  small  scale,  but,  of  course,  the  aim 
must  always  be  to  thoroughly  fix,  or  render  insoluble, 
the  whole  of  the  tannic  acid  present  in  the  fibre.  By 
a  few  experiments  on  the  large  scale  it  will  be  easy 
to  find  what  amounts  of  tartar  emetic  must  be  used, 
in  order  to  leave  as  little  excess  as  possible  in  the 
fixing-bath.  If  the  goods  pass  through  the  bath  in  a 
continuous  manner,  they  are,  of  course,  only  immersed  for 
a  very  short  time,  and  the  solution  must  then  be  made 
more  concentrated,  and  continuously  replenished  from  a 
stock  solution,  in  order  to  ensure  the  presence  of  a  slight 
excess  of  tartar  emetic.  Only  by  experiments  made  on 
the  large  scale  in  the  dye-works  is  it  possible  to  deter- 
mine also  what  evil  effects  are  produced  by  the  passage 
of  a  large  number  of  tannin-prepared  pieces  through  the 
same  tartar  emetic  bath. 

The  addition  of  such  salts  as  ammonium  chloride, 
&c.,  to  the  fixing-bath,  for  the  purpose  of  facilitating 
precipitation,  may  also  be  tried. 

One  point  still  remains  to  be  determined,  namely,  the 
proper  temperature  of  the  fixing-bath,  and  this  may  be 
ascertained  by  an  additional  series  of  experiments, 
similar  to  those  instituted  in  the  case  of  fixing  Catechu 
by  means  of  potassium  dichromate. 

Stannic  chloride,  zinc  acetate,  &c.,  also  precipitate 
tannic  acid  from  its  solutions,  and  if  on  economical 
grounds  it  is  desired  to  substitute  these  for  tartar  emetic, 
the  most  favourable  conditions  of  concentration,  tempera- 
ture,  &c.,   with  respect  to   these,  must   be   determined 
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according  to  the  above  metliod.  Finally,  parallel  experi- 
ments must  be  made  with  the  best  methods  of  employing 
the  dijfiferent  fixing-agents,  as  previously  determined,  and 
the  most  convenient  may  then  be  selected. 

429.  Experiments  with  Colouring  Matters.  — 
Should  the  problem  to  be  solved  relate  to  the  applica- 
tion of  a  coal-tar  colour  to  wool  or  silk,  one  must 
determine  whether  the  dyeing  should  take  place  in  a 
neutral  or  acid  bath.  In  the  case  of  silk,  one  may  try 
the  utility  of  adding  ''boiled-off"  liquor  to  the  bath,  and, 
having  determined  the  best  amount  to  use,  one  proceeds, 
in  the  event  of  an  acid  bath  being  required,  to  determine 
the  proper  kind  and  exact  amount  of  acid  to  add.  One 
may  also  try  the  use  of  acid  salts — e.g.,  alum,  cream  of 
tartar,  &c. — instead  of  free  acid.  Here,  too,  experiments 
must  be  made  to  see  whether  it  is  better  to  dye  in  a  cold 
or  hot  bath,  or  how  high  the  temperature  should  be  raised, 
and  in  what  time  the  highest  limit  of  temperature  should 
be  attained,  tfec. 

In  some  cases,  an  alkaline  dye-bath  may  be  found  the 
best — e.g.,  with  Alkali  Blue — on  wool  and  silk.  Since  both 
these  fibres  are  more  or  less  attacked  by  alkalis, 
especially  under  prolonged  influence  and  at  a  high 
temperature,  (fee,  it  becomes  imperative  to  make  experi- 
ments for  Ihe  purpose  of  choosing  the  least  injurious 
form  and  the  minimum  amount  of  alkali,  also  the  proper 
temperature,  duration  of  boiling,  &c. 

In  studying  the  application  of  such  colouiing  matters 
as  require  the  aid  of  mordants,  the  necessary  experi- 
mental work  becomes  even  more  diiOficult  than  in  the  cases 
already  cited.  The  following  considerations,  for  example, 
require  to  be  taken  into  account :  1,  the  particular  kind 
and  amount,  or  concentration,  of  mordant  to  employ; 
2,  the  conditions  of  mordanting — duration,  temperature, 
&c.  ;  3,  the  fixing  of  the  mordant.  As  to  the  subse- 
quent dyeing,  the  experiments  partake  of  the  character 
of  those  already  mentioned. 

As  an  illustration  of  the  kind  of  experiments  pursued 
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in  respect  of  mordants,  the  application  of  an  aluminium 
salt  to  cotton  and  to  wool  will  now  be  sketched. 

430.  Experiments  in  Mordanting  Cotton.— Cotton 
is  scarcely  ever  mordanted  with  aluminium  sulphate, 
but  rather  with  aluminium  acetate,  for  reasons  which 
have  already  been  given  in  the  chapter  on  Mordants. 
The  compound  AL,  S04(CoH30o)4  will  be  here  considered. 

Several  solutions  containing  this  compound  may  be 
made,  and  of  such  concentration,  for  example,  that  they 
contain  what  is  equivalent  to  10,  20,  40,  60,  80,  100 
grams  of  Al2(S04)3'18H20  per  litre. 

Separate  pieces  of  calico  or  cotton  yarn  are  im- 
pregnated as  evenly  as  possible  with  each  of  these  solu- 
tions, and  are  then  exposed  for  about  two  days  to  a  moist 
warm  atmosphere  in  an  ageing  chamber,  in  order  to  allow 
the  acetic  acid  to  evaporate.  After  such  treatment 
there  remains  on  the  fibre  a  basic  salt,  of  the  composition 
AlgOg-SOg,  which,  neglecting  the  water  of  hydration, 
may  also  be  represented  thus  :  AljOs'SSOg  +  2AI2O3. 
From  this  it  becomes  evident  that  for  full  and  complete 
precipitation  on  the  fibre,  the  latter  should  be  passed 
through  a  weak  alkaline  bath,  in  order  to  remove  the 
sulphuric  acid  still  present. 

For  this  purpose,  one  may  compare  the  use  of  silicate, 
arsenate,  phosphate,  and  carbonate  of  soda  or  ammonia, 
or  simply  chalk  suspended  in  water,  &c.  Of  these  salts, 
it  is  advisable  to  employ  solutions  of  various  degrees  of 
concentration,  but  containing  equivalent  amounts  of 
substance.  Such  several  solutions  are  used  both  cold 
and  at  a  temperature  of  50°— 60°  C.  The  mordanted 
cotton  is  well  worked  therein  for  2 — 3  minutes,  until 
thoroughly  wetted,  then  washed  well,  and  properly  dyed, 
using  a  slight  excess  of  colouring  matter,  e.g.,  Alizarin. 

It  is  advisable  to  dye  for  some  time  in  the  cold  solu- 
tion, then  to  raise  the  temperature  slowly,  e.g.,  in  the 
course  of  an  hour,  to  60°  C.  If  the  swatches  seem  not 
to  take  up  any  more  colouring  matter — i.e.,  if  the  mordant 
is  saturated — they  are  well  rinsed  in  water,  and  one  half 
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of  each  is  moderately  well  soaped.  After  drying,  the 
various  swatches  are  compared  "vvith  each  other  as  to 
colour,  and  with  a  little  practice  one  is  soon  able  to 
determine  which  fixing-bath  gives,  relatively,  the  best 
result.  In  using  Alizarin,  it  is  well  to  remember  that 
the  dye-bath  must  contain  a  certain  percentage  of  calcium 
acetate. 

431.  Experiments  in  Mordanting  Wool. — Since  the 
method  of  mordanting  wool  differs  from  that  employed 
for  cotton,  experiments  on  the  application  of  mordants 
to  this  fibre  assume  another  form.  With  regard  to  alu- 
minium mordants,  for  example,  the  ordinary  plan  is  to 
boil  the  wool  with  a  solution  of  alum  or  aluminium 
sulphate,  with  the  addition  of  cream  of  tartar,  and  one 
lias  to  determine  the  relative  and  absolute  amounts  of 
these  constituents  to  be  employed,  in  order  to  give,  for 
example,  the  best  red  with  Alizarin. 

For  this  purpose,  six  mordanting-baths  are  prepared, 
each  containing,  say,  1  litre  of  distilled  water,  and  such 
amounts  of  Al2(SO^)3-18H20  as  are  equal  to  2,  3,  4,  6,  8, 
10  per  cent,  of  the  weight  of  wool  employed.  It  is 
convenient  to  take  10  grams  of  wool  for  each  vessel. 
The  mordanting-baths  are  then  simultaneously  heated, 
so  that  their  temperature  may  be  raised  to  the  boiling 
point,  say  in  the  course  of  one  hour,  and  the  wool  is 
boiled  for  half  an  hour  longer.  The  swatches  are  then 
well  washed  and  dyed  simultaneously  in  separate  baths, 
with  equal  weights  of  Alizarin. 

The  dyeing  is  conducted  in  a  manner  similar  to  that 
given  for  cotton,  but  it  is  here  necessary  that  towards 
the  end  of  the  operation  the  wool  be  boiled.  The  addi- 
tion of  calcium  acetate  to  the  dye-bath  is  also  necessary. 
If  excess  of  Alizarin  has  been  used  in  the  dye-bath,  it 
should  be  removed  by  boiling  the  dyed  swatches  in  dis- 
tilled water. 

After  drying,  the  swatches  are  compared  with  each 
other,  and  the  necessary  amount  of  aluminium  sul- 
phate to  employ  is  fixed  upon,  e.g.^  ^ — 8  per  cent.    A 
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second  series  of  mordanting  experiments  should  then  be 
made,  in  which  equal  weights  of  wool  are  mordanted, 
say  with  G  per  cent,  of  aluminium  sulphate  alone,  and 
also  with  the  addition  of  increasing  amounts  of  cream 
of  tartar.  It  is  convenient  to  consider  the  amount  of 
aluminium  sulphate  employed  as  representing  1  molecule 
of  the  salt,  and  to  add  the  cream  of  tartar  to  the  several 
baths,  in  the  proportion  of  0,  1,  2,  3,  4,  6  molecules.  The 
method  of  mordanting  and  dyeing  is  conducted  exactly 
as  already  described,  and  on  comparing  the  colours  of 
the  dyed  swatches,  it  is  easy  to  determine  whether  or 
not  the  addition  of  cream  of  tartar  to  the  mordanting- 
bath  has  been  at  all  beneficial,  and,  if  so,  which  amount 
gives  the  best  result. 

Since,  in  the  case  of  wool  and  silk,  the  mordant  may  be 
applied  before,  after,  or  simultaneously  with  the  colouring 
matter,  other  series  of  experiments  must  be  carried  out 
in  order  to  determine  which  of  these  methods  is  the  best. 

In  comparing  the  dyed  swatches,  not  only  is  the 
intensity,  purity,  brilliancy,  regularity,  <tc.,  of  the  colour 
taken  into  account,  but  also  the  eflfect  produced  upon  the 
fibre,  and  the  behaviour  of  the  colour  towards  washing, 
soaping,  scouring,  milling,  rubbing,  light,  &c. 

In  all  cases  of  experimental  dyeiug,  indeed,  it  is 
essential  to  conduct  the  experiments  under  conditions  as 
similar  as  possible  to  those  which  are  met  with  on  the 
large  scale,  and  in  judging  of  the  results,  great  care  must 
be  taken  to  avoid  the  possibility  of  referring  any  effect 
produced  to  more  than  one  cause  at  a  time. 

To  sum  up  the  whole  system  of  experimenting  on  the 
application  of  colouring  matters  by  dyeing,  it  may  be 
said  that,  in  order  to  determine  the  effect  of  each  par- 
ticular ingredient  used,  the  dyer  must  perform  simulta- 
neously two  or  more  distinct  experiments,  in  which  equal 
weights  of  the  same  textile  material  are  submitted  to 
all  the  necessary  operations  under  precisely  the  same 
conditions,  except  as  regards  the  amount  employed  of  the 
ingredient  whose  action  is  to  be  studied. 
F  F 
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Whatever,  indeed,  be  the  factor  the  influence  of 
which  is  to  be  determined,  whether  it  be  the  duration  or 
temperature  of  mordanting  or  of  dyeing,  the  character  or 
amount  of  the  several  ingredients  employed,  and  so  on, 
that  factor  alo7ie  is  varied,  while  the  others  remain 
unchanged.  In  this  way  a  systematic  series  of  dyeing 
experiments  is  carried  out ;  one  by  one  the  nature  and 
value  of  each  individual  influence  is  carefully  ascertained, 
until  at  length,  by  a  cumulative  process,  the  totality  of 
conditions  necessary  to  produce  the  best  results  is 
accurately  determined.  The  actual  number  of  experi- 
ments which  it  may  be  requisite  to  perform  with  any 
given  colouring  matter,  before  arriving  at  a  full  know- 
ledge of  its  dyeing  properties,  is  quite  indefinite,  and  is 
more  or  less  influenced  by  the  character  of  the  colouring 
matter,  and  by  the  general  and  special  chemical  know- 
ledge of  the  experimenter. 

Far  too  frequently,  it  is  to  be  feared,  the  dyer 
neglects  or  declines  to  institute  dyeing  experiments  on 
the  above  lines,  but  regards  them  either  as  of  little  use, 
or  as  too  costly,  or  as  taking  up  too  much  time,  ignoring  or 
forgetting  that  the  knowledge  thus  obtained  invariably 
leads  to  almost  absolute  certainty  in  carrying  out  dyeing 
operations  on  the  large  scale,  and  repays  a  thousandfold 
the  time  and  trouble  expended. 

As  to  the  apparatus  required,  it  is  comparatively 
simple.  A  water-  or  steam-bath,  or  an  oil-  or  glycerine- 
bath,  heated  with  gas  or  steam,  provided  with  a  per- 
forated cover  for  the  reception  of  the  dye- vessels,  serves 
for  the  simultaneous  and  equable  heating  of  the  latter. 
The  dye-vessels  themselves  should  be  of  toughened  glass  or 
well-glazed  porcelain,  and  capable  of  holding  about  half 
a  litre  or  even  one  litre.  Metallic  vessels  of  whatever  kind, 
although  very  useful  for  special  work,  are  not  to  be  recom- 
mended for  general  use,  especially  for  experimental  wool- 
dyeing,  since  the  acids  and  acid  salts  so  frequently  used  in 
mordanting  and  dyeing  invariably  dissolve  traces  of  the 
metal,  which,  in  many  cases,  affect  the  ultimate  result. 
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For  the  same  reason,  stirring-rods  or  other  apparatus 


for 


moving  the  textile 
material  during 
the  mordanting  or 
dyeing  process, 
must  also  be  of 
glass  or  porcelain. 
A  good  balance,  a 
few  glass  beakers, 
porcelain  basins, 
measure  glasses, 
burettes,  pipettes, 
and  hydrometers, 
complete  the 
equipment. 

Figs.  96  and 
97  show  pJan,  ele- 
vation, and  section 
of  a  very  con- 
venient arrange- 
ment for  experi- 
mental dyeing 
(made  by  Messi's. 
Broadbent  and 
Sons,  Hudders- 
field).  It  consists 
of  a  couple  of 
strong  cast-iron 
pipes  B,  into  which 
iron  cups  c,  for 
holding  glycerine, 
are  screwed.  The 
porcelain  dye- 
vessels  A  rest  in 
the  glycerine 
cups,  and  are 
clamped  down  by 
means  of  a  flange. 
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protected  with  india-rubber  or  asbestos  rings.  The  pipes 
B  are  so  supported  that  they  can  be  readily  turned  on 
their  axes,  by  means  of  the  handles  f,  for  the  purpose  of 
emptying  the  dye-vessels.   The  axes  are  hollow,  and  serve 

respectively  for  the  introduction 
of  steam  at  d,  and  the  escape  of 
condensed  water  at  e.  One  of 
the  difficulties  hitherto  en- 
countered in  experimental  dyeing- 
arrangements  is  that  of  being 
able  to  heat  the  water  in  a  series 
of  porcelain  dye- vessels  to  the 
boiling  point  simultaneously,  and 
in  a  sufficiently  convenient  and 
cleanly  apparatus.  The  one  here 
shown,  in  which  steam  at  50 — 60 
pounds'  pressure  is  used,  will  be 
found  to  answer  every  require- 
ment. 

432.  Exposure  of  Dyed  Pat- 
terns to  External  Influences. — 
Although  in  the  above,  reference 
has  been  made  to  the  method  of 
determining  the  conditions  of 
dyeing,  &c.,  necessary  to  obtain 
the  brightest,  most  intense,  and 
best  colours,  it  must  not  be  for- 
gotten that  a  dyer  knows  but 
half  his  business  if  he  is  simply 
acquainted  with  these  conditions. 
He  must  not  only  learn  how  best 
to  apply  any  given  colour;  he 
must  also  know  the  capabilities  of  each  dyed  colour  : 
how  it  withstands  the  action  of  light,  milling,  scouring, 
&c., — in  short,  all  those  influences,  whether  natural  or 
artificial,  to  which  the  dyed  fabric  is  likely  to  be  sub- 
mitted. Hence,  all  dyers  should  habitually  and  syste- 
matically expose  portions  of  dyed  patterns  to  the  several 
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iiitiuences  just  mentioned,  and,  as  already  stated,  all  care 
must  be  taken  to  avoid  tlie  possibility  of  referring  any 
effect  produced  to  more  than  one  cause  at  a  time.  "Such 
exposed  patterns  must  be  afterwards  carefully  compared 
with  the  original  patterns  as  dyed. 

433.  Fastness  of  Colours.— The  term  "fast  colour" 
generally  impHes  that  the  colour  in  ques-tion  resists  the 
fading  action  of  light,  but  it  may  also  imply  that  it  is 
affected  by  washing  with  soap  and  water,  or  by  the  action 
of  acids  and  alkalis,  scouring,  milling,  rubbing,  bleaching, 
&c.  In  its  wide  sense,  it  means  that  the  colour  is  not 
affected  by  any  of  those  influences  to  which  it  is  destined 
to  be  submitted,  but  its  technical  meaning  is  often  re- 
stricted. To  the  cotton-dyer,  for  example,  it  may  refer 
chiefly  to  washing  with  soap  and  water,  and  to  light. 
To  the  woollen-dyer  it  may  refer  to  milling,  scourmo-, 
and  light ;  and  so  on. 

Many  colours  may  be  fairly  fast  to  washing  with  soap 
and  water,  and  yet  be  very  fugitive  towards  light;  or  they 
naay  be  fast  to  light,  and  yet  very  sensitive  to  the  action 
of  acids  or  alkalis. 

The  term  "loose  colour"  generally  implies  that  the 
colour  is  much  impoverished,  or  even  entirely  removed, 
by  washing  with  w^ater  or  a  solution  of  soap ;  it  may, 
however,  also  mean  that  it  is  not  fast  to  light. 

The  word  "  permanent,"  as  applied  to  colour,  generally 

denotes  that  it  is  fast  to  light  and  other  natural  influences. 

A  ''  fugitive  colour  "  is  generally  understood  to  be  one 

which  is  not  fast  to  light,  or  which  volatilises  more  or 

less  under  the  influence  of  heat. 

In  the  absence,  then,  of  any  definite  meaning  bein^^ 
attached  to  the  above  terms,  it  becomes  imperative,  in 
speaking  of  the  fastness  of  a  colour,  to  refer  specially  to 
the  particular  influences  which  it  does  or  does  not  resist 
434.  Influence  of  Light  on  Dyed  Colours.— The 
chemical  activity  of  the  sun's  rays  is  well  known,  and 
It  has  already  been  noticed  that  certain  unstable  mordant 
solutions  seem  to  be  decomposed  and  precipitated  more 
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readily  under  the  influence  of  light.  It  is  not  surprising, 
therefore,  to  find  that  light  should  also  have  a  very 
marked  effect  upon  dyed  colours.  Under  the  prolonged 
influence  of  light  and  air  almost  all  colours  fade,  and 
according  to  their  relative  behaviour  in  this  respect,  they 
are  broadly  divided  into  two  classes,  namely,  those  which 
are  "fast  to  light,"  and  those  which  are  "not  fast  to 
light."  There  is,  however,  no  definite  line  of  demarcation 
between  the  two,  and  dyed  colours  are  met  with  possessing 
all  possible  degrees  of  resistance. 

Each  of  the  coloured  rays  of  the  spectrum  possesses 
a  different  fading  power.  White  light  is  the  most 
active,  then  follow  the  yellow,  blue,  green,  orange, 
violet,  and  red  rays.  Direct  sunlight  is  more  energetic 
than  diffused  daylight.  The  light  of  the  electric  arc  acts 
in  the  same  sense  as  sunlight,  but  is  less  powerful  (about 
one  fourth). 

According  to  Chevreul,  the  presence  of  oxygen  and 
moisture  assists  very  materially  in  the  fadmg  action  of 
light,  so  that  even  some  fugitive  colours,  dyed,  for  ex- 
ample, with  Safflower,  Annatto,  Orchil,  do  not  fade  if 
exposed  to  light  in  dry  oxygen  or  m  vacuo.  Chevreul 
has  shown,  too,  that  the  nature  of  the  fibre  has  consider- 
able influence  in  the  matter,  and  that  some  colours  are 
less  fugitive  on  cotton  than  if  fixed  on  wool  or  silk. 
Whether  the  essential  action  of  light  is  one  of  oxidation 
or  of  reduction,  or  whether  the  action  varies  with  each 
colouring  matter,  has  not  yet  been  determined.  In  the 
case  of  Prussian  Blue,  it  is  said  to  be  one  of  reduction,  but 
from  the  fact  that  air  and  moisture  play  generally  an 
important  part  in  the  fading  process,  it  is  quite  con- 
ceivable that  in  many  cases  it  is  one  of  oxidation.  It 
is  known  that  during  the  evaporation  of  water,  ozone  or 
hydrogen  peroxide  is  found  in  small  quantities,  and  both 
are  powerful  oxidising,  as  well  as  bleaching,  agents. 

Heat  is  found  to  act  in  some  cases  in  the  same  sense 
as  light,  but  in  a  very  inferior  degree. 

The  following  notes  referring  to  the  fastness  of  colours 
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are  taken  from  experiments  made  with  dyed  wool,  samples 
of  which  were  exposed  to  the  light  during  periods  of  one, 
two,  four,  eight,  and  twelve  months. 

The  division  of  the  colouring  matters  into  "fast," 
"medium,"  and  "fugitive,"  is  more  or  less  approximate, 
and  is  merely  intended  to  convey  in  a  simple  manner  the 
general  character  of  each. 

Red  Colours. 

Fast.  Alizarin  (Al),  Isopui-purin,  Purpurin,  Flavo- 
purpurin,  Nitro-alizarin  (Cu),  Madder. 

Medium.  Cochineal  (Sn,  Al),  Biebrich  Scarlet  and 
allied  colours. 

Fugitive.  Many  of  the  Azo  Reds  and  Scarlets,  Ma- 
genta, Safranine,  Aurin,  Eosin,  and  allied 
colours ;  Peach  wood  (Al,  Sn),  and  allied  red 
woods ;  Bai^'ood  (Al,  Sn),  Sanders  wood  (Al, 
Sn),  Ammoniacal  Cochineal  (Sn). 

Orange  and  Yellow  Colours. 

Fast.  Iron  Buff',  Chromate  of  lead  yellow,  Canarin, 
ChiTsamin  on  cotton  (F.  Baeyer),  Orange  G 
(m.  l.  &  B.),  Nitro-alizarin  (Sn,  Al),  Alizariu 
(Sn),  Isopui-purin  (Sn),  Flavopurpurin  (Sn). 

Medium.  Crocein  Orange,  Diphenylamin  Orange, 
/3  iS'aphthol  Orange,  Azoflavin,  Brilliant  Yel- 
low, Fast  Yellow,  other  coal-tar  yellows,  Weld 
(Sn),  Old  Fustic  (Sn),  Quercitron  Bark  (Sn), 
Flavin  (Sn),  Persian  Berries  (Sn). 

Fugitive.  «  Naphthol  Orange,  Chrysoidine,  Phoa- 
phine,  Fluorescein,  Turmeric,  Aiinatto,  Young 
Fustic  (Sn), 

Green  and  Olive  Colours. 

Fast.  Ccerulein,  Naphthoic  reen,  Persian  Berries  (Cu). 

Medium.     Weld    (Cu,    Fe),    Old   Fustic    (Cu,   Fe), 

Quercitron  Bark  (Cu,  Fe),  Fla\^  (Cu,  Fe). 

Blue  Colours. 

Fa^t.     Vat  Indigo,  Alizarin  Blue,  Prussian  Blue. 
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Medium.     Logwood  (Cii,  Fe,  Cr),  Indulines. 

Fugitive.  Alkali  Blues,  Soluble  Blues,  Spirit  Blues, 
Indigo  Carmiiie_,  Methylene  Blue  (this  is  very 
much  faster  on  cotton).  Logwood  (Al). 

Purple  Colours. 

Fast.     Alizarin  (Fe,  Cr),  Isopui-puiin  (Fe),  Gallein 

(Cr,  Cu). 
Medium.     Gallein   (Al,    Fe),   Coclnneal    (Cr,    Fe), 

Gallocyanin. 
Fugitive.  Logwood  (Sn),  Ammoniacal  Cochineal  (Al), 

Orchil,  Limawood  (Cr,  Fe),  Methyl  Violet,  Hof- 

mann's    Violet,    Perkin's    Violet,    Hosaniline 

Violet. 

Brown  Colours. 

Fast.  Nitro-alizariD  (Cr),  Isopurpurin  (Cr,  Cu), 
Flavopurpurin  (Cr,  Fe.  Cu),  Purpurin  (Cr,  Fe, 
Cu),  Madder  (Cr,  Fe,  Cu),  Cochineal  (Cu), 
Catechu. 

Medium.     Camwood  (Cu,  sadden). 

Fitgitive.  Camwood  (Cr,  Cu,  Al,  mordant  and  dye), 
Barwood  (Cr,  Cu),  Sanderswood  (Cr,  Cu),  Bis- 
marck Brown,  other  Azo  Browns. 

Some  colouring  matters  —  e.g.,  Alizarin — give  fast 
coloui's  with  all  mordants  ;  others — e.g.,  Limawood  and 
Young  Fustic — seem  only  capable  of  yielding  fugitive 
colours;  others  again — e.p'.,  Logwood — give  fast  or  fugi- 
tive colours,  according  to  the  mordant  employed.  The 
fugitive  character  of  the  colours  obtained  from  Logwood 
by  the  use  of  tin  and  aluminium  mordants,  compared 
with  the  medium  fastness  of  those  obtained  when  coj^per, 
chromium,  or  iron  mordants  are  employed,  is  rather  striking. 

Some  colours  present  somewhat  abnormal  properties. 
Wool  mordanted  with  aluminium  and  tin  mordants,  and 
dyed  with  Camwood,  yields  reddish-brown  colonic,  which 
during  exposure  become  at  first  considerably  darker,  and 
begin  to  fade  only  after  two  or  four  months.     The  olive- 
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gi-een  colour  yielded  by  Persian  Berries  and  copper  sul- 
phate IS  quite  remarkable  in  this  respect,  since  it  actually 
becomes  darker  and  gi^eener,  even  after  an  exposure  of 
Uvelye  months.  The  pure  greenish-yellow  obtained  with 
-t'lcricacid  exhibits  a  similar  character;  on  exposure  it 
rapidly  becomes  orange,  and  this  begins  to  fade  only  after 
a  lapse  of  about  twelve  months. 

The  mode  of  application  also  influences  the  fastness 
ot  the  colour.  Camwood  and  Catechu,  for  example,  yield 
faster  colours  with  copper  sulphate  by  the  saddening 
method  than  by  the  mordanting  and  dyeing  method 

In^  studying   the  behaviour  of  the   coal-tar   colours 
towards   light,    one  cannot  fail  to  be  struck  with   the 
manifest  influence  of  their  chemical  constitution  in  the 
matter      All  those  colouring   matters,   for  example,  in 
which  the  atomic  arrangement  is  like  that  of  Magenta,  are 
similarly  fugitive  to  light,  e.g.,  Methyl  Yiolet,  Benzalde- 
Hyde  (^reen,  &c.;  such  similarity  extends  even  to  Aurin 
and  ^afranine      Colouring  matters  allied  to  Alizarin,  on 
the  other  hand,  all  possess  the  quality  of  fastness  to  liaht. 
iliere  are,_however,  cases  in  which  an  apparently  slfcrht 
difference  in  constitution  gives  rise  to  remarkable  differ- 
ences m  fastness  to  light-compare,  for  example,  Fluor 
escein  and  Gallein,  Indigo  Carmine  and  Vat  Indigo  Blue 

aud  fh!,f 'r    '  f^^^^'^  *V*  ""^^■*^^'  ^^^^^^'«  ^-«  ^"gitive; 

becat^e^t^^^^^^^         '"  ^'  'ff '  "'^•^  '^  ^^^^^  ^^^--^  *- 

wh^fl  ^  f     1  ^  colourmg  matter  has  of  course  noJiinc 
whate.^r   o  do  with  its  properties  :  these  are  mainly,  if 

^i^^  ^"^^^^'^^^  '^  ''^  ^^--^-^  composition';nd 

tivefv  f;J^'  .?^''''i^  °^  Compound  Shades. -Compara- 

from^t  L  f '  '''^''Tr'  ^''^'  ^^  '^y'^  ^^^^i^«  result 
tiom  the  employment  of  a  single  colouring  matter  •  it 

becomes  imperative,  therefore,  for  the  dyer  to  know  how 

to  apply  two  or  more   together.     This   knowledge   can 

readily  be  gained  bymaking  aseries  of  dyeing  experTments 
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The  result  obtained  by  mixing,  as  it  were,  the  dyed  colours 
must  be  observed  and  studied  much  in  the  same  way  as 
the  artist  does  with  the  pigments  upon  his  palette. 

None  of  the  colours  here  dealt  with  are  pure,  like 
those  of  the  physicist ;  hence  the  product  of  the  mixture 
of  dyed  colours  is  for  the  most  part  totally  different  to 
what  would  be  produced  by  combining  together  the 
Tarious  colours  of  the  spectrum. 

A  mixture  of  red  and  yellow  produces  orange^  yellow 
and  blue  produce  green,  blue  and  red  produce  violet,  gi-een 
and  violet  produce  hJue.  Oi^nge  and  Green  tend  to 
produce  yelloic  ;  \'iolet  and  orange  tend  to  produce  red. 

The  compound  colours,  orange,  green,  and  violet,  vary 
in  shade  according  to  the  amount  and  purity  of  tone  of 
each  constituent  single  coloui\  If,  for  example,  in  com- 
bining yellow  and  blue,  the  yellow  inclines  to  orange,  or 
the  blue  inclines  to  purple,  the  green  produced  inclines 
to  olive. 

With  the  physicist,  white  is  produced  either  by  a 
mixture  of  all  the  colours  of  the  spectiTim,  or  by  mixing 
together  what  ai^  known  as  ''complementary  colours," 
for  example  the  following  : — 

Purple  and  green. 
Red  and  Llmsh-green. 
Orange  and  turquoise  blue. 
Yellow  and  ultramarine  blue. 
Yellowish-green  and  violet. 

With  the  dyer,  however,  the  opposite  effect  tends  to 
}je  produced.  A  judicious  mixture  of  red,  yellow,  and 
blue  tends  to  produce  sombre  colours  or  even  black. 
In  the  same  way  red  and  green  produce  chocolate  or 
brown,  blue  and  orange  produce  di^b,  <tc. 

It  is  beyond  the  scope  of  this  manual  to  discuss 
the  law  of  the  mixture  of  colours.  For  information  on 
this  point  the  reader  is  referred  to  Bezold's  "  Theoiy  of 
Ck)lour,"  Rood's  "  Modem  Chromatics,"  and  other  similar 
works.  It  is,  however,  always  imperative,  in  the  end,  to 
gain  positive  and  reliable  information  by  actually  making 
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Bpecial  dyeiiig  experiments,  and  even  then,  long  experience 
is  required  before  one  feels  thoroughly  at  home  in  pro- 
ducing any  given  compound  shade. 

A  very  necessary,  or  at  least  desirable,  point  to  re- 
member is,  that  all  the  colouring  matters  employed 
simultaneously  should  be  really  applicable  to  the  best 
advantage^  by  the  same  process.  A  colouring  matter 
which  requires  to  be  applied  in  an  acid-bath  ouglit  not  to 
be  applied  simultaneously  with  one  which  dyes  best  in  a 
neutral  bath.  Basic  colouring  matters,  although  not  re- 
quiring mordants,  can,  however,  be  frequently  employed 
along  with  such  as  do,  whenever  the  "mordanting  and 
d veins:  method"  is  used,  since  the  latter  are  almost  in- 

I/O  ^ 

variably  applied  in  a  neutral  dye-bath. 

If  the  compound  shade  is  intended  to  be  fast  towards 
any  influence — e.g.^  lig^^t,  milling,  &c, — then  each  consti- 
tuent colour  yielded  by  the  several  dyestuffs,  when 
separately  employed,  should  be  as  similar  in  fastness  to 
that  influence  as  possible. 

Although  dyers  frequently  apply  fast  and  fugitive 
colours  together  in  producing  compound  shades,  or  for 
the  sake  of  improving  the  brilliancy  of  any  given  colour, 
it  is  always  more  or  less  irrational,  and  ought  to  be 
avoided  whenever  possible. 

436.  Influence  of  Milling. — The  process  of  ''  milling," 
so  much  used  in  the  heavy  woollen  trade  for  Tweeds,  (tc, 
consists  in  saturatinof  the  woollen  cloth  with  a  stronoj  solu- 
tion  of  soap  (frequently  carbonate  of  soda  as  well),  and  then 
submitting  it  to  a  violent  kneading,  beating,  or  pressing, 
in  the  wash-stocks  (see Fig.  52)  or  "milling  machine."  It 
is  an  exceptionally  severe  treatment,  and  demands  of  the 
colour :  that  it  shall  withstand  rubbing,  that  it  shall  not 
be  decomposed  by  or  be  soluble  in  weak  alkalis,  and  that 
whatever  colour  does  rub  ofl",  this  shall  not  permanently 
stain  contiguous  fibres  (bleeding).  As  a  general  rule 
the  best  colouring  matters  in  resjDect  of  the  last  point 
are  those  which  require  the  aid  of  mordants,  e.g.,  Alizarin, 
Logwood,  etc.  Coal-tar  colours,  which  are  applied  directly, 
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e.g.y  Magenta,  Azo  Scarlets,  tkc,  are  very  prone  to  dissolve 
off  and  dye  the  neigliboiiriDg  fibres. 

Some  acid-colours  are  unsuitable  because  tbey  ai'e 
more  or  less  decolorised  by  the  action  of  the  alkali,  e.g.^ 
Acid  Magenta,  Acid  Green,  Alkali  Blue,  Alkali  Green,  ifcc. 
In  such  cases  the  original  colour  can  be  more  or  less 
restored  by  a  passage  through  dilute  acid,  preferably 
acetic  acid. 


CHAPTER   XXV. 

ESTIMATION    OF    THE   VALUE    OF   COLOURING   MATTERS. 

437.  In  order  that  the  dyer  may  produce  good  and 

regular  "work,  it  is  essential  that  the  conditions  under 
which  he  labours  be  maintained  as  regular  as  possible. 
The  mordants  and  colouring  matters  he  employs 
should  be  of  good  quality,  free  from  injurious  admix- 
ture, and  of  constant  composition. 

The  certainty  of  obtaining  such  requisites  can  only 
be  relied  upon  by  exercising  constant  care  and  super^-i- 
sion  in  their  selection,  which  should  always  be  based  on 
the  results  of  analysis  or  practical  experiment. 

The  purity  and  value  of  mordants  can,  as  a  rule,  be 
determined  by  the  ordinary  methods  of  chemical  analysis ; 
not  so,  however,  with  colouring  matters,  since  their  ana- 
lytical behaviour  has  been  for  the  most  pai-t  neglected. 

438.  Colorimetry. — The  rapid  determination  of  the 
comparative  colouring  power  of  any  given  colouring 
matter,  by  means  of  the  colorimeter,  has  only  partially 
and  inadequately  solved  the  j^roblem,  and  it  has  in  most 
cases  little  practical  value. 

The  instrument  consists  of  two  calibrated  tubes 
of  equal  diameter  and  length,  into  which  are  put  the 
solutions  of  equal  weights  of  the  two  colouring  matters 
to  be  compared  with  each  other.  As  a  rule,  one  solution 
appears  darker  than  the  other,  and  this  must  be  diluted 
vv-ith  some  of  the  solvent  until  both  solutions  are  equal 
in  intensity  of  colour.     The  colouring  powers  of  the  two 
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dyestuffs  are  proportionate  to  the  volumes  of  the  dikited 
solutions. 

One  difficulty  which  presents  itself  is,  that  a  fair  com- 
parison can  only  be  made  when  the  colouring  matters 
under  examination  are  free  from  coloured  impurities, 
and  are  exactly  of  the  same  tint. 

439.  Comparative  Dye-Trials. — The  most  practical 
and  satisfactory  method  of  estimating  the  relative  value 
of  colouring  matter  is  to  make  a  series  of  comparative 
dyeing  experiments  on  a  small  scale. 

In  these  experiments  the  fibre  dyed  should  be  the 
same  as  that  to  which  eventually  the  colouring  matter  is 
to  be  applied,  and,  as  far  as  possible,  exactly  the  same 
process  of  dyeing,  and  all  necessary  subsequent  operations 
should  be  adopted  as  are  employed  on  the  large  scale. 

When  it  is  desired  to  choose  the  best  sample  from  a 
number  of  colouring  matters  which  are  offered  for  sale, 
equal  weights  of  cotton-,  wool-,  or  silk-yarn,  are  dyed  with 
equivalent  values  of  the  several  samples,  in  which  case 
that  sample  which  gives  the  best  results  is  of  course  the 
cheapest,  whatever  its  actual  price  may  be. 

It  is  advisable  that  comparative  dye-trials  of  this 
kind  should  be  made  with  all  the  colouring  matters  in 
general  use,  and  samples  of  the  best  and  cheapest  (i.e., 
those  adopted)  should  be  carefully  preserved  in  stoppered 
bottles,  to  serve  as  "  standards,^'  or  "  types." 

Aged  or  moist  dyewoods  {e.g.,  Logwood)  should  be 
previously  dried,  to  prevent  deterioration.  It  afterwards 
becomes  necessary  to  test  in  a  similar  manner  all  subse- 
quent deliveries  of  each  colouring  matter,  and  to  com- 
pare them  with  their  respective  "  standards." 

One  essential  condition  of  success  in  making  com- 
parative dye-trials  is  that  the  several  portions  of  yarn 
or  cloth  should  be  dyed  simultaneously,  and  under 
exactly  the  same  conditions  as  to  time,  temperature,  &c. 
The  most  convenient  dye-bath  arrangement  is  that 
consisting  of  six  or  eight  glazed  porcelain  or  hardened 
glass  dye-vessels,  each  of  250' — 1000°  cubic  centimetres 
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capacity,  immersed  in  a  common  water-,  oil-,  or  gljcerine- 
bath,  suitably  heated  by  gas  or  steam,  or  the  arrange- 
ment illustrated  on  pp.  483,  484. 

Ground  dyewoods,  after  weighing,  may  be  at  once  put 
into  the  dye-vessels,  but  it  is  best,  first  to  prepare  solu- 
tions of  extracts,  pastes,  or  soluble  colouring  mattei^s, 
particularly  if  of  high  colouring  power  {e.g.,  coal-tar 
colours).  For  example,  01 — 1  gram  is  dissolved  in 
100  cubic  centimetres  of  water  or  alcohol,  and  the  re- 
quisite quantity  of  solution  is  introduced  into  the  dye- 
vessel  by  means  of  a  pipette. 

Swatches  of  cloth  are  distinguished  from  each  other 
by  cutting  small  holes  near  the  edges  ;  yarn  is  marked  by 
means  of  knotted  threads.  After  filling  the  dye-vessels 
with  cold  water  first,  the  colouring  matter  is  introduced, 
then  the  cloth  or  yarn,  previously  wetted  with  water. 
It  is  well,  as  a  rule,  to  dye  for  some  time  in  the 
cold,  in  order  to  ensure  perfectly  even  dyeing ;  and  then, 
with  constant  stiiTing,  to  raise  the  temperature  gi*a- 
dually,  or  exactly  as  one  would  do  on  the  large  scale. 

After  dyeing,  the  swatches  are  washed  and  di'ied  ;  or 
if  necessary  a  portion  of  each  may  be  worked  for  half  an 
hour  or  so  in  a  hot  soap  solution,  or  otherwise  cleansed 
and  brightened,  and  then  washed  and  dried. 

The  patterns  are  finally  compared  with  each  other 
under  exactly  similar  conditions  of  illumination.  Blue, 
violet,  and  green  colours  are  frequently  more  accurately 
judged  of  by  gaslight. 

For  those  engaged  in  cotton  -  dyeing,  it  is  con- 
venient to  employ  in  the  above  trials,  calico  printed  with 
various  mordants,  in  the  form  of  broad  stripes — e.g.,  with 
iron  and  aluminium  mordant  separately — each  in  two 
degrees  of  concentration,  and  also  with  a  mixture  of  the 
two.  Such  mordanted  calico  was  originally  in  general 
use  for  testing  the  commercial  value  of  Madder,  but  it 
can  be  very  conveniently  used  in  testing  all  those 
dyestufis  which  are  used  in  practice,  in  conjunction  with 
the  above  mordants,  for  the  production  of  serviceable 
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colours  :    e.g. ,  the  various  dyewoods  or  their  extracts, 
Alizarin,  Gallein,  &c. 

For  those  colouring  matters  which  can  be  fixed  by 
means  of  tannic  acid,  it  is  convenient  to  use  calico 
padded  or  printed  in  stripes  with  tannic  acid,  and  after- 
wards fixed  in  a  tartar  emetic  bath,  washed  and  dried. 

For  the  woollen-  and  silk-  dyer,  it  is  best  to  dye 
equal  weights  of  these  materials,  either  in  form  of 
yarn  or  cloth.  Whenever  necessary  they  are  first  mor- 
danted, and  all  the  ingredients  which  it  is  necessary  to 
employ  on  the  large  scale  are  added  to  the  dye-bath. 

The  most  difficult  colouring  matters  to  estimate 
are  those  which  cannot  be  exhausted  in  the  dye-bath  ; 
with  such,  dyers  often  dip  white  blotting-paper  or  calico, 
as  equally  as  possible,  into  the  solutions.  It  is  allowed 
to  drain,  and  then  dry,  and  a  comparison  of  the  colours 
on  the  stained  paper  is  made. 

In  certain  cases,  fractional  dyeing  gives  information 
as  to  foreign  matter  or  impurities  present  in  a  colour- 
ing matter.  A  concentrated  dye-bath  is  prepared,  0-1 
metre  of  cloth  is  dyed  in  it,  and  after  its  removal  a  second, 
third,  fourth,  &c.,  are  dyed  in  the  remaining  solution, 
until  the  bath  is  exhausted.  If  the  colouring  matter 
is  pure,  the  different  swatches  should  not  vary  in  tone, 
although  they  may  do  so  in  intensity. 

The  purification  of  certain  colouring  matters  by 
the  manufacturer  entails  considerable  loss.  The  cheaper 
qualities  of  Rosaniline  Blue  always  contain  reddish- 
violet  colouring  matter ;  hence,  a  pure  blue  {e.g.^  6  B) 
gives  a  weaker  colour  than  the  cheaper  reddish-blues. 
For  certain  purposes,  the  latter  are  indeed  preferable  to 
the  former,  e.g.^  for  the  production  of  compound  shades. 

The  dyer  is  strongly  recommended  not  to  be 
deterred  from  making  exact  dyeing  trials  because  of  the 
(comparatively  little)  trouble  they  give,  for  he  will 
only  in  this  manner  properly  estimate  the  worth  of 
his  dyestuffs,  and  avoid  irregular  or  bad  work. 

It    is    probable    that   if   the    testing    of    dyestuffs 
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before  using  them,  were  only  generally  adopted,  the 
custom  would  cease  of  mixing  or  diluting  colouring  mat- 
ters with  useless  bodies — e.g.^  dextrin,  sugar,  sand,  <fcc, — 
which  has  been  forced  upon  the  colour  manufacturer, 
because  of  want  of  judgment,  on  the  part  of  many  dyei^, 
who  wish  only  to  buy  cheap. 

In  order  to  recognise  the  individual  colouring 
mattei's,  one  makes  all  possible  use  of  the  reactions 
dependent  upon  their  chemical  properties, 

^Mixtures  of  colouring  matters  are  recognised  some- 
times by  the  following  methods  :  a  strip  of  white  blotting- 
paper  is  partly  immersed  in  the  solution,  when  it  fre- 
quently happens  that  the  different  colouring  matters  exhi- 
bit different  degrees  of  capillary  adhesion,  and  different 
zones  of  colour  are  perceptible  on  the  paper ;  or  a  little  of 
the  finely-powdered  colouring  matter  is  dusted  over  white 
blotting-paper^  moistened  with  water  or  other  suitable 
solvent,  or  it  is  dusted  over  a  glass  vessel  containing 
the  solvent  in  a  perfectly  still  condition.  If  the  colour- 
ing matter  is  a  mixture,  differently  -  coloured  spots 
appear  on  the  paper,  or  streaks  of  the  different  colour 
solutions  are  seen  in  the  solvent.  Such  an  appearance  is 
we.U  sho\vn  by  coal-tar  colour  mixtures,  intended  to  give 
indigo-blue  shades  :  they  give  violet,  orange,  and  green 
spots  or  streaks.  It  is  also  conceivable  that  the  different 
constituents  of  a  colour  mixture  are  not  all  soluble  in  the 
same  solvent — a  fact  which  may  also  serve  to  differen- 
tiate them. 

Chemical  methods  of  estimating  the  value  of  colour- 
ing matters  cannot  always  be  accepted  as  wholly  reliable. 
As  a  rule,  standard  solutions  of  oxidising  agents  are 
employed — e.g.,  bleaching-powder,  potassium  chlorate  or 
dichromate  in  acid  solution,  or  potassium  ferrocyanide  iu 
alkaline  solution — and  these  are  added  until  the  colour  is 
destroyed. 

These  and  other  methods  will  be  found  in  works  on 
chemical  analysis. 
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CHAPTER    XXYI. 

THE    DETECTION    OF    COLOURS    ON    DYED    FABRICS. 

The  mode  of  determining  what  colouring  matters  are 
present  on  dyed  fabrics,  leaves  much  to  be  desired.  The 
analytical  behaviour  of  colouring  matters  has  been  some- 
what neglected,  and  reactions  which  can  be  carried  out 
with  ease  and  certainty  by  means  of  a  few  simple  testa 
are  rare.  With  compound  shades  the  difficulty  is  in- 
creased, and  the  behaviour  of  a  colouring  matter  towards 
reagents  often  varies  considerably  according  to  the  fibre 
and  the  mode  of  application. 

In  many  cases  the  analysis  of  the  mordant  accom- 
panymg  the  colouring  matter  gives  definite  information  as 
to  the  nature  of  the  latter,  hence  its  examination  should 
not  be  neglected.  Inorganic  mordants  are  recognised  by 
calcming  a  portion  of  the  dyed  material  and  examinin<^ 
the  remammg  ash  according  to  the  usual  analytical 
methods.  Sometimes  it  is  desii-able  before  calcinina  to 
destroy  the  colouring  matter  present,  e.g.  by  boilincr  with 
a  dilute  solution  of  bleaching  powder,  that  is  if  there  is 
no  fear  of  destroying  the  mordant  thereby.  The  detec- 
tion of  organic  mordants  occurring  along  with  inorganic 
ones,  is  difficult,  and  each  case  must  be  specially  treated 

In  examining  dyed  fabrics  for  colour,  according,  to  the 
following  tables,  small  portions  are  cut  off  and  steeped  in 
porcelain  basins  containing  a  little  of  the  several  reagents 
named,  moderately  concentrated.  Other  portions  should 
also  be  heated  in  test-tubes  with  dilute  solutions. 

Having  thus  determined  what  colouring  matter  is 
present,  parallel  tests  should  be  applied  to  fresh  material 
ot  the  same  fibre  as  that  under  examination,  specially 
dyea  with  the  suspected  colouring  matter.  In  this 
manner  the  conclusions  are  confirmed  or  otherwise  and 
a  certain  degree  of  accuracy  is  introduced  ' 

GG 
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EED 


Colouring 
Matter. 


HCl, 


Magenta. 


Fibre  and  solu- 
tion    yellow, 
colour  restor- 
ed   on   wash, 
ing. 


H2SO4. 


As  with  HCl. 


NaOH. 


NH4OH. 


Fibre    at    first  Fibre  decolor- 
paler,     after- j  ised. 
wards   nearly  | 
colourless,  es- 
pecially      on 
heating. 


Acid  Magenta.  Faint    bluish 


(basf) 


Safranine 

(b.  s.  &  s.) 


red  liquid  ex- 
tracted,colour 
of  fibre 
chano'ed. 


As  with  HCl. 


Fibre 
ised 
cold. 


Dilute,  no  ac- Fibre  at  first 
tion;  concen-    black,      which 
trated,     fibre 
blue. 


Eosin,  A.  (BASF 


soon      changes 
to  green. 


decolor 
in     the 


Fibre  decolor 
ised,  colou 
gradually  re 
stored  on  ex 
posure  to  air 


Solution  pink.  AswithXaOi 


Fibre  pale  yel- Fibre    at    once  Fibre    yellow,  Fibre     yeUol 


low. 


Methyl-eosin. 


Erythrosin,  I. 

(basf) 


Phloxin,     J. 

(P.  Monnet 
&  Co.) 


Fibre  yellow. 


bright  yellow 


Fibre  yellow. 


Fibre    brown- 
ish-yellow. 


Fibre  yellow. 


liquid  pink   liquid  yello" 
fluorescent.        fluorescent. 


Fibre  pink, 
liquid  pink 
fluorescent. 


AswithNaOI 


Fibre  yellow. 


Fibre    and    li- AswithNaOl 
quid  pink. 


Fibre  yellow.    Fibre    and    li- 
quid pink. 


Fibre    and 
quid  pink. 


TABLES  OF  COLOUR  TESTS. 
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COLOURS. 


SnClg  +  HCL 


Almost  entire- 
ly decolorised 
on  boiling ; 
colour  partly 
restored  on 
washing. 


Alcohol. 


Colour  largely 
extracted  on 
boiling. 


A  bluish-red 
liquid  readily 
extracted. 


Other  Tests. 


Sodium  sulphide  decolorises. 

Magenta  may  be  distinguished  from  Orchil  and  Aurin 

as  follows  : 
Amyl  Alcohol  extracts  a  bluish-red  colour  from  ma- 
terial dyed  vtith  Magenta. 
Amyl  Alcohol  extracts  a  yellow  colour  from  material 

dyed  with  Aurin. 
Amyl  Alcohol  extracts  a  pink  or  violet  colour  from 

material  dyed  with  Orchil. 
To  the  Alcoholic  extract  add  NH4OH,  Magenta  is 

decolorised. 
To  the  Alcoholic  extract  add  NH4OH,  Aurin  turns 

bluish-red. 
To  the  Alcoholic  extract  add  NH4OH,  Orchil  re- 

mains  unchanged. 


Decolorised 
on  heating, 
liquid  colour- 
less. 


Very      little 


colour 
tracted. 


ex. 


Fibre  orange- 
yellow,  solu- 
tion pale  yel- 
low. 


Coloiu'  extract- 
ed, red  fluores- 
cent solution. 


I 


Fibre      orange 
on  boilinsr. 


Fibre    yellow- 
ish on  boiling. 


Soluble  Eosines 
not  extracted 
if  well  dyed. 

Spirit    Eosines 
readily   ex 
tracted  by  ab- 
solute alcohol. 

Pink  flnores- 
cent  solution 


Hot  water  containing  a  little  NH4OH:  extracts  a  pink 
liquid  from  soluble  Eosines. 

Boiled  with  concentrated  KHO  (20—40  per  cent.), 
Eosin  G  gives  orange-red  solution,  which  on  con- 
tinued boilmg  becomes  purple,  and  finally  blue 
with  strong  green  fluorescence.  Colour  and  fluor- 
escence unchanged  on  dilution. 

Eosin  B  boiled  with  KHO  gives  bluish-violet  solution 
with  pale  green  fluorescence.  On  dilution,  liquid 
becomes  reddish-purple. 

Eosin  BN  boiled  with  KHO  erives  eventually  olive- 
green  solution  without  fluorescence. 
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RED  coLorRs; 


Colouring 
Matter. 


Aorin.       .     . 


Magdala  Red. 


Purpurin. 


Alizarin. 


HCl. 


Fibre  yellow. 


Xo  change. 


H2SO4. 


NaOH. 


NH4OH. 


As  with  HCl.  'Solution bright  As  withNaOH., 
red. 


Boiled  with  di 
lute  HCl,  fibre 
orange  yel 
low  and  liquid 
yellow. 


No  change. 


As  with  Ha. 


No  change. 


No  change.  : 


Heated  withBoiled  with  di- 
dHute  NaOH,  lute  NH^OB 
fibre   and    li- 


quid 
red. 


cherry- 


Dilute,  no  ac-,Dilute,  no  ac- Fibre  and  solu 


tion  ;  concen-    tion  ;     concen- 
trated, fibre!  trated,  red  co 
bright  yellow,  j  lour  exti-acted 
liqiiid  'amber-Concentrated 
yeUow.  I  H.2SO4    at   the 

ordinary  tem- 
perature en- 
tirely dissolves 
cotton  dyed 
with  aliz.  red, 
and  the  alizarin 
separates  out  as 
aflocculentpre. 
cip.  which  may 
be  collected, 
dried  and  sub 
Hmated. 
Or,  if  not,  it 
may  be  recog- 
nised by  the 
-violet  colora- 
tion imparted 
by  alkahs. 


tion  \'iolet. 


liquid  pal(' 
piak,  fibre  no 
changed. 


No  action. 


J 


TABLES  OF  COLOUR  TESTS. 


501 


^continued). 


SnCl2  4-  HCl. 


In  the  cold  so 
lution  yellow, 


Little  action, 
fibre  slightly 
blue. 


Fibre     brown 
ish-red,  liquid 
amber-yellow. 


Fibre  orange- 
yellow,  liquid 
bright  yellow. 


Alcohol. 


Colour 
tracted. 


ex 


Very  slightly 
extracted.  So^ 
lution  fluor- 
escent pink. 


Other  Tests. 


Solution  red. 


No  action. 


To  detect  Magdala  Red  on  silk  dyed  with  a  mixture 
of  Magdala  Red  and  Eosin,  extract  with  boiling 
alcohol,  which  dissolves  out  the  Eosin,  and  test 
the  solution  in  the  ordinary  way.  "Wash  the  silk 
and  test  for  Magdala  Red  with  acids  and  alkalis. 


HNO3  g^ves  a  bright  yellow  spot.  Bleaching  powder 
bleaches  it.  Ba(0H)2  turns  fibre  cherry-red  and  ex- 
tracts a  pale  bluish-red  solution.  Boiling  with  a 
solution  of  aluminium  sulphate  and  cooling  gives 
an  orange  fluorescent  solution. 


Gives    no    fluorescent    solution    on    boiling    with 
Alo(S04)3  (distinction  from  Madder  and  Ptu-purin). 
Bleaching  powder  and  chromic  acid  bleach  it 

^t'JIx^^*^  Ba(0H)2  solution,  fibre  becomes  violet. 
HIN  O3  gives  a  yellow  spot. 

An  alkahne  solution  of  K3  FeCye  lias  no  action,  nor 
has  KMn04.  HNO2  vapour  converts  it  into  yellow 
Nitro-ahzarin. 

On  heating,  Ahzarin  red  loses  brilliancy  and  becomes 
browmsh,  but  regains  most  of  the  brilliancy  on  ex- 
posure to  air. 

The  ammoniacal,  aqueous,  or  alcoholic  solutions  give 
characteristic  absorption  spectra. 
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EED   COLOrES 


Matter. 


h:i. 


H;S04. 


XaOH. 


XH^OH, 


Crocein scarlet  Fibre    at  first  Concentrated  Colour  of  fibre 


(F. 


7B. 
Baever 
Co.) 


violet,    liquid   acid,  fibre  and  blue. 

&  colourless.  solution  blue. 

On     standing.' 

fibre  becomes  I 

blue,  liquid 

greenish-blue. 


Biebrich  Scar- Fibre  violet.  Fibre  and  solu- Fibre  dark  blu- 
let.  '(^Kalle  k   liquid  colour-   tion  green.  ish-red,  liquid 


Co.) 


less 

On  standing, 
liquid  becomes 
greenish-blue. 


colourless. 


No  action. 


Patent  FastFibre    dark- Fibre  violet,  li- Fibre     made,     No  action. 


Red.  vB-^f ) 


ened,  liquid'  quid  colourless,   paler,    and 
slightly  ting-!  but   on   stand-   red  colour  ex 


ed  red. 


Fast    Ponceau  Fibre  violet, 
B.  (PASP)        liquid  colour- 
less. 

On  standing, 
liquid  becomes 
sreenish-blue. 


ing  bluish- vio- 
let. 


tracted. 


Fibre  and  solu- Fibre  dark  blu- 
tion  green.        |  ish  red,   no 
colour     ex- 
tracted- 


Xo  action. 


Scarlet    2R. 

(iL  L.  dc  B.) 


Fibre      not  DiluteH^SO^,  no  Nearly      de^ 
changed  by   action.  colonsed- 

cold  HCl,  but  Concentrated 
on     boiling    H^SO^  extracts, 
nearly    deco-   the  colour, 
lorised  and 
much    colour 
extracted. 


Scarlet    SE.Fibre      not 


(ic.  L.  &  B.) 


changed  even 
on  boiling 
Bluish-red    li- 
quid extracted. 


No  action.     Nearly     de 
colorised- 


Fibre  paler. 


Little  effecfcj 
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(continued). 


SnClo  +  HCl. 


Fitre 
ised. 


Alcohol. 


Other  Tests. 


decolor- Little    or  no  HNO3  gives  at  first  a  dark  blue  spot  which  changes 
action  ^°  bright  yellow  with  a  greenish-blue  border 


Fibre  decolor- 
ised. 


Little  or  no 
action. 


Fibre  decolor- 
ised. 

(Resists  tbis 
test  better 
than  otber 
scarlets. ) 


Little  or  no 
action. 


Fibre 
ised. 


decolor- 


Fibre  decolor- 
ised. 


Fibre  decolor- 
ised. 


HNOs  gives  at  first  a  dark  blue  spot  which  changes 
to  brown  with  a  dark  blue  border. 


HNO3  acts  as  with  Crocein  Scarlet  7  B. 


Little    or   noH^Os  gives  a  dark  blue  spot  which  changes  to  red* 
action  brown  with  a  dark  blue  or  black  border. 


Little   or   no  HNO3  gives  violet  spot  which  afterwards  changes  to 
action.  ^^^^^^  y^^°^- 


Little  or  no 
action. 


HNO3,  as  with  Scarlet  2E. 
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EED   COLOrKS 


Colouring 
Matter. 


HCL 


Claret  Eed  B 
(>CIm  &b.) 


H2SO4. 


XaOH. 


KH4OH. 


Fibre  little'Fibre  at  first^^bre  orange- 
changed,  li-  violet,  finallyl  red,  solution 
quid    reddish*  blue.  |  yeUowish-ied. 

violet.  Liquid    at  first: 

colourless,    af- 

terwar  d  sj 

bright  Hue. 


Xo  action. 


Madder.    . 


Ck^chineaL 


Peachwood- 


Barwood. 


Sanderswood. 


Safflower. 


OrchiL 


Fibre    brown- 
ish-red. 


Fibre  br: 
j  red,  soli 
red- 


Fibre  and  80- 
>ix    lution  purple.' 


Wool  brown- 
ish-red, cotton 
not  dianged. 


Fibre    orange- Fibre  and  solu 
red,    solution;  tion     bright 
orange-pint     pink.  i 


Solution 
purple. 


AswithXaOH. 


.Fibre  dark  red,Fibre  brown,  so-  Much  colour  As withXaOH. 
solution  pink,  lution     yeUowj  extracted, 
changing   tol  bluish-red. 
brown.  I  Ck)tton  almost 

decolorised. 


Xo  action. 


Fi :  re  reddish-  Fibre  purplish, 
brown,  solutionJ  solution  ool- 
dirty  brown.       ourless. 


AswithXaOH. 


Xo  action- 


Cotton  decolor- 
ised. 


Firre  and  s-^lu- Fir  re  p-orplisiu  AswithXaOH. 
Uon  reddish-    solution    col-j 
brown.  (  ourless. 


Solution  red. 


Cotton  decolor- 
ised. 


With  dilute  Cotton,    flesh- 
XaOH, cotton:  colour, 
pale  yellow.    I 


Fibre  and  solu-iFibre    bluish-^ with Xa OH. 
tion  purple,]  purple, 
afterward) 
brown. 


TABLES  OF  COLOUR  TESTS. 
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(continued). 


S11CI2  +  HCl. 


Alcohol. 


On  heating,  Little   or  no 
fibre  becomes    action, 
almost  colour 
less,    or    pale 
lilac. 


Other  Tests. 


Little    colour 
extracted. 


Fibre  and  so- 
lution orange 
red. 


Fibre  and  so- 
lution bluish- 
red   on   heat- 


Fibre  unchang- 
ed, solution 
red. 


Fibre  unchang- 
ed, solution 
red. 


No  action. 


No  action. 


HNO3  gives  a  violet  spot  which  afterwards  becomes 

brownish  with  a  faint  blue  border. 
It  is  not  affected  so  readily  by  Hif  O3  as  the  Crocein 

Scarlets  are. 


Nitric  acid  colours  fibre  bright  yellow. 


Nitric  acid  colours  fibre  yellow. 


Pale  yellow  so- 1  Nitric  acid  colours  fibre  brownish-yellow.     Boiling 


lution. 


Eed  solution. 


soap  solution  removes  much  colour,  solution  bluish- 
red. 


Nitric  acid  colonrs  wool  dark  olive. 


Red  solution.  [Nitric  acid  colotirs  wool  dark  olive. 

Boiled  with  FeS04  colour  becomes  violet 


Cotton  straw 
yellow. 


At  once   de- 
colorised. 


No  action. 


Bluish-red  so- 
lution. 


See  Magenta. 
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DYKING   OP   TEXTILE    FABRICS. 


YELLOW    AXD 


Colouring 

Matter. 


HCl. 


H2SO4. 


NaOH. 


NH4OH. 


Picric  Acid. 


Colour  extract- 
ed on  "boiliog, ! 
liquid  green- 1 
isli-yellow. 


Decolorised.- 


Fibre  becomes  Fibre  becomes 
orange,    solu-    paler,  a  yellow 


tion  yellow. 


colourextract- 
ed  on  boiling. 


Victoria 

Decolorised, 

Yellow. 

•wflshing    re- 
stores the  co- 

lour. 

Naphthol 
Yellow. 


Decolorised 
I  almost  com- 
i  pletely. 


AswitbHCL 


Fibre  orange, 
solution  yel- 
low. 


Fibre  paler, 
yellow  colour 
extracted    on 

boiling. 


Naphthol 
Yellow  S. 


'Fibre  bleacbed, 
I  solution  co- 
!  louxless. 


Deoolorised- 


Fibre  paler,  Fibre    little 

liquid  yellow. I  cbanged,      li- 

!  quid  pale  yel- 

Ic'-w. 


Aurantia. 


Chryso'idine. 

(b.  s.  &  s.) 


Fibre      pale  Fibre      yellow- Little  or  no     No  action. 

1  yellow.  isb-drab.  efiect. 


Fast  Yellow. 

(basf) 


Orange  3. 
(F.  Baever  & 
Co.) 


Fibre  red. 


Yellow  colonr  Fibre  paler  Fibre  yellower. 

extracted-  I  and  vellower. 


Eed. 


Fibre  brownish- i   Solution    '  Little  action, 
red,  liquid  red.j  brownish-yel- 
low. I 


Fibre    red,   li-  Fibre  and  liquid  Fibre  dull  yd-  Fibre        not 
quid  pink.       1  bright   bluish-   lowish  red.         changed,  li- 


red. 


quid   slightly 
yellow. 
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OEAXGE    COLOURS. 


SnClo+HCL 


AlcohoL 


Other  Tests. 


Fibre  "bleached,  Yellow    coloxrr  ^U  Picric  Acid  yellows  taste  bitter. 
the  liquid  CO-    extracted.         ^^^^^'^    ^^^^    ^^^    solution   fibre    becomes 


lourless 


Fibre  bleached, 
the  liquid  co- 
lourless. 


red 
through  the  fonnation  of  isopurpuric  acid. 
In  compound  colours  the  cloth  should  be  extracted 
with  alcohol,  and  the  solution  tested  for  Picric 
Acid  with  KCN. 


"Warm  water  extracts  the  colour. 


Yellow    colour  Water  extracts  the  coloor  and  the  yellow  solution  is 
extracted.         !    decolorised  by  HoSO^. 

Boihng  KCN  extracts  a  red  colour.  "Wrapped  in 
white  paper  and  heated  to  120^  C,  leaves  a  stain  on 
paper. 


Bleached. 


No  action. 


Boiling  water  extracts  nothing. 

Heated  to  120'  C.  in  white  paper,  leaves  no  stain. 


Fibre       brown  Colour  readily  Heated  with  SnClo  gives  dark  brownish-red  colour, 
on  heating.      I  extracted.        |    afterwards  decolorised. 


Almost    decol-  Yellow    colour! 
orised.  i  extracted. 


Fibre    bri  ght  A  little  colour  HNO3  gives  a  bright  red  spot, 
red,     after-   extracted. 
wards    decol- 
orised. 


Completely  A  little  colour 
bleached.         1  extracted. 
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DYEING    OF    TEXTILE    FABRICS. 

YELLOW  AND   ORANGE 


Colouring 
Matter. 


Orange  4. 

(A.  Poirrier) 


HCL 


Fibre  reddish- 
violet,  liquid 
violet. 


Orange  2. 

(A.  Poirrier) 


H2SO4. 


As  with  Ha. 


Phosphine. 


Fibre  and    li-As    with  HCL,  Fibre  deep  red 


NaOH. 


No  action. 


NH4OH. 


quid 
red. 


bluish 


but  bluer. 


Fibre  not 
changed,  li- 
quid yellow. 


No  action. 


Fibre    nearly  Solution  green- Fibre  becomes  Fibre  becomes 


decolorised, 
solution  yel- 
low. 


ish-yellow. 


paler  and  yel- 
lower. 


Nitro- alizarin.  Fibre       pale  Fibre  brownish-!Fibre    claret-  Cold,  no  action; 


paler,  a  bright 
yellow. 


Madder.   . 


straw  yellow. 


solution 
low. 


yel- 


Little  action. 


Old  Fustic.    . 


yellow,    liquid 
yellow. 


red  or  brown-  hot,    as    with 


ish,         liquid 
colourless. 


Fibre  brownish-' Fibre  and  so- 
red, solution  lution  purple 
red. 


Fibre  and  so-  Fibre  and  solu- 
lution  orange.;  tion  brown. 


NaOH,  but  fi- 
bre not  so  dark. 


Fibre  brown. 


Fibre    little' Fibreunchang- 


changed. 


ed,      solution 
yellow . 


Young  Fustic.  Fibre  unchang- Fibre  and  solu- Fibre  reddish- As  with  NaOH. 
I  ed,      solution   tion    reddish-    brown. 


pale  yellow. 


Weld. 


iFibre  little  af- 
fected, solu- 
tion pale  yel- 
low. 


brown. 


Fibre  brownish- 
yellow. 


Fibre  little  af- 
fected, solu- 
tion pale  yel- 
low. 


No  action. 


TABLES    OP    COLOUR    TESTS. 


509 


COLOURS  {continued). 


SnCl2  +  HCl. 


Alcohol. 


Other  Tests. 


At    first    fibre  Yellow   coloui- 
becomes  deep!  extracted 
violet  on  beat- 1 
ing,  gradually 
ligbter  and  fi- 
nally bleacbed 


Compl  etely 
bleached. 


No  action. 


Fibre    nearly  A  little  colour 
decolorised.       extracted. 


Fibre  deep  yel 
low,    liquid 
yellow. 


Fibre  un- 
changed, solu- 
lution  pale  red. 


Fibre  orange, 
solution  col- 
ourless. 


No  action. 


Fibre  Uttle  af- 
fected. 


No  action. 


No  action. 


No  action. 


No  action. 


No  action. 


HNO3  gives  a  bright  yellow  spot. 

Boiling  Ba(0H)2  colours  the  fibre  claret-red. 


Heated  with  FeaCle  fibre  becomes  olive-brown. 


With  HNO3  fibre  pale  yellow. 
Heated  mth  FeoClg  fibre  becomes  olive. 
Boiled  with  acetate  of  alumina  gives  yellow  solution 
with  bluish-green  fiuorescence. 


With  HNO3  fibre  dark  brown. 

Heated  with  Fe^Cl^  fibre  becomes  olive. 


HNO3  no  action. 

Heated  with  Fe2Cl6  fibre  becomes  olive. 

jColour  unchanged  by  boiling  with  lead  acetate. 


510 


DYEING    OF    TEXTILE    FABRICS. 

YELLOW   AXD   ORANGE 


C'"'loMring        I 
Matter.         I 


HCl. 


H2SO4. 


Quercitron  Fibre  little  af  -  iFibre  brownisli- 
Bark.        j  fected,     solu-j  yellow,      solu- 
I  tion  yellow.      tion  yellow. 


Flavin- 


Persian 
Berries. 


Turmeric. 


Annatto.  . 


Iron  BufF. 


Fibre   and   so-  Fibre  and  solu- 
I  lution  yellow.!  tion  yellow. 


Fibre unchang-  Fibre  orange- 


NaOH. 


KH4OH. 


Fibre     little  Fibre uncbang- 


changed,solu- 
tion  yellow 


Fibre  and  solu- 
tion yellow. 


ed,      solution 
vellow. 


Fibre  little  af- 
fected, solu- 
tion yellow. 


ed,      solution 
yeUow 


brown,  solution 
greenish- yel- 
low. 


Fibre  reddish-  Fibre     reddish 
brown,    solu-    brown,  solution 


tion 
less. 


colour- 


brown. 


Fibre  unchang-  Colour  slightly 


ed,  solution 
brownish-yel- 
low. 


extracted. 


Fibre      bright  Fibre   bright 
reddish  -  {  reddish  - 


brown,  solu- 
tion orange- 
brown. 


Little  affected.  Fibre  and  solu- 
or    brownish-;  tion  blue. 
red- 


Fibre      straw- 
!  yellow  or  de- 
colorised. 


Little  action. 


Chrome 
Yellow. 


brown,    solu- 
tion orange. 


Little  affected.  lAs  withNaOH 


No  action. 


No  action. 


Fibre   decolor-  Fibre  greenish-  Fibre       paler,:  Little  action. 
ised,   solution    yeUow  or  dull   liquid    pale, 


pale  yellow. 


yellow. 


yellow. 
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COLOURS  {continued). 


SnClo  +  HCL 


Fibre  little  af- 
fected, solu- 
tion yellow. 


Fibre  brovm- 
isb-yello-sv,  so- 
lution bright 
yellow. 


Fibre  brown, 
solution  yel- 
low. 


AlcohoL 


No  action. 


Other  Tests. 


No  action. 


With  HNO3  fibre  Hght  brown. 

Heated  with  Fe2Cl^  fibre  becomes  olive. 

Colour  becomes  orange  by  boiling  with  lead  acetate. 


With  HNOs  fi'bre  dark  brown. 

[Heated  with  FeoClg  fibre  becomes  olive. 

■Boiling  acetic  acid  g^ves  yellow  solution  with  green 

fluorescence. 
Colour  becomes  orange  by  boiling  with  lead  acetate. 


No  action.      |With  HNO3  fit»re  brown. 

Heated  with  FesClg  fibre  becomes  olive. 

Colour  becomes  orange  by  boiling  with  lead  acetate. 


Fibre  reddisb-i  Colour  extract-  With  HNO3  fibre  pale  yellow 


brown,  solu- 
tion colour- 
less. 


ed        solution  Boracic  acid  added  to  HCl  and  alcoholic  solution, 

'  I       gives  bright  red  colour, 

orange  or  yel- 

lo  wwith  green 

fluorescence. 


Decolorised,    j  Solution  bright  "Dyed  blue  with  KsFeCyg  +  HCl. 
yeUow, 


Decolorised. 


No  action. 


Decolorised. 


No  action. 


Fibre  blackened  with  ammonium  sulphide  or  H2S. 
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DYEING    OF    TEXTILE    FABRICS. 


GREEN 


Colouring 

Matter. 

HCL 

H2SO4. 

NaOH. 

K:a40H. 

Malachite 
Green. 

Fibre    and   li- 
quid     bright 
orange ;       on 
washing  with 
water    the 
green    colour 
is  restored. 

Fibre      much 
bleached,  liquid 
blight  orange. 

Decolorised. 

Decolorised. 

Methyl  Green. 
(basp) 

Fibre    and    li- 
quid pale  yel- 
low ;      colour 
restored      on 
washing. 

Fibre      much 
bleachedjliquid 
colourless. 

Decolorised. 

Decolorised. 

Acid  Green. 

(Soc.  Chem. 
Ind.) 

Fibre   pale 
green. 

Fibre   brown, 
liquid  yellow. 

Decolorised. 

Decolorised. 

Alkali  Green. 

Fibre      dark 
olive  -  green, 
solution    red- 
dish-brown. 

Fibre  and  solu- 
tion       dark 
brown. 

Decolorised. 

Decolorised. 

EelvetiaGreen 

Liquid  yellow ; 
green    colour 
restored      on 
diluting  with 
water. 

Decolorised. 

Fibre  buff-yel- 
low. 

AswithNaOH. 

Ccerulein. 

(BASF) 

Fibre       duller 
green,    liquid 
claret-red. 

As    with    HCl, 
liquid   dirty 
amber  yellow. 

Xo  action. 

Ko  action. 

TABLES    OF    COLOUR    TESTS. 
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COLOURS. 


S11CI2  +  HCL 


Alcohol. 


Fibre      almost  Green     colour 
decolorised,    extracted, 
liquid  yellow. 


Fibre      almost  Bluish  -  green 
decolorised,'  colour      ex 
liquid  yellow,   tracted. 


Other  Tests. 


Heated  to  100°  C.  colour  does  not  change  to  bluish* 
violet.    (Distinction  from  Methyl  Green.) 


Fibre      almost  Green     colour 
decolorised,    readily    ex- 


liquid  yellow. 


Fibre  not 
changed,  blu- 
ish-green co- 
lour extracted 


tracted. 


Almost  com- 
pletely deco- 
lorised. 


Fibre  brown- 
ish-red, liquid 
brown;  on 
washing  with 
water  colour 
gradually  re- 
stored. 

'  H  H 


Green     colour 
extracted. 


Bluish  -  green 
colour  ex- 
tracted. 


Heated  to  100°  C.  becomes  bluish-violet.  (Distinction 
from  Malachite  Green.) 


No  action. 


HNO3  gives  a  brown  spot. 
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DYEING    OF   TEXTILE    FABRICS. 


GREEN   COLOURS 


Colouring 
Matter. 


Aldehyde 
Green. 


HCl. 


Fibre      brigM 
yellow. 


Vat  Indigo  and  Fibre   paler, 
Old  Fustic,      liquid  blue. 


Vat  Indigo  and  Yellow  remov 
Chromate   of  edatDnce,blue 


Lead. 


Indigo  Car- 
mine and  Pic- 
ric Acid. 


afterwards ; 
liquid     dull 

yellow. 


Fibre    at    first 
blue,      after 
wards  very 
pale ;     liquid 
blue. 


Cbxome  Green. 


No  action. 


H2SO4. 


Fibre  orange. 


As  with  HCl. 


Fibre  dirty  yel- 
lowisb- green. 


As  \^tli  HCl. 


No  fiction. 


Little  action, 
fibre  after- 
wards paler. 


Fibre  greenish 
blue,      liquid 
yellow. 


NaOH. 


Yellow  remov 
ed;  liquid  pale 
yellow. 


NH4OH. 


At  first  little  ac- 
tion, afterwards 
bleached. 


Fibre  paler  or 
blue,  liquid 
yellow  or 
greenish. 


No  action. 


Fibre      almost  As  with  NaOH. 
decolorised. 


liquid 
yellow. 


pale 


No  action. 


No  action. 


BLUE 


■    "-^     -,. 


Alizarin  Blue.  Fibre  violet,  Dilute  H2SO4;  Fibre 


(BAsr) 


fibre  violet,  li 
quid    slightly 
red.     Concen- 
trated    HoSO 


gives 
Hquid. 


violet 


No  action. 
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(eontinued) . 


SnCl2  +  HCl. 


Alcohol. 


Other  Tests, 


Slowly    de-  Green     colour  HNO3  gives  a  Lrown  spot, 
colorised.  extracted. 


Fibre        much 
paler,     liquid 
greenish 
yellow. 


Fibre  becomes 
at  first  blue, 
afterwards 
decolorised. 


See  indigo. 


Decolorised. 


No  action. 


See  indigo. 


No  action. 


Boiling  glacial  acetic  acid  gives  green  solutiou  ;  on 
diluting  with  vrater  blue  is  precipitated. 

Boiling  Al2(S04)3  gives  yellow  solution  with  green 
fluorescence. 

Remove  yellow  colour  by  boiling  with  dilute  Na2C03, 
and  test  the  blue  remaining  for  indigo. 


Ash  contains  lead*    Blackened  by  (NH4)2S. 
Bleaching-powder  solution  changes  colour  bo  yellow. 


Cold  water  extracts  Picric  Acid,  test  solution  with 
KCN. 


Boiled  with  a  solution  of  bleaching-powder  gives 
yellow  liquid  containing  chromate.  Occurs  only  on 
calico  prints. 


COLOUES. 


Fibre   at    first 
violet,  on'h  eat.' 
ing  brownish 
red,  liquid  ia 
brown. 


No  action. 


HNOs  gives  a  bright  yellow  spot  which  goes  brown 

after  a  time.     Soap  aad  bleaching-powder  have  no 

action. 
Phosphoric  acid  gives  orange-red  solution,  which  on 

diluting  with  water  and  adding  NH4OH  becomes 

blue, 
dilute    ammoniacal    alcoholic     solution    shows 

characteristic  absorption  stripes  when  examined 

with  spectroscope. 
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DYEIXG    OF    TEXTILE    FABRICS. 


BTX'E   COLOURS 


Colouring 
Matter. 


HCl. 


H2SO4. 


XaOH. 


^'H40H. 


Soluble    Blue.  Extracts    blue  Fibre  and  liquid  Fibre  reddish- Decolorised  at 
(b.  s.  &  s.)        colour.  reddisb-browu.   brown.  once. 


Spirit  Blue.  . 
(A.  Poirrier) 


Fibre      dark  Fibre  and  solu- 


green,  solu- 
tion brownish. 


tion     reddish- 
brown. 


Fibre  brick  red.  D  ecol  or  i  Bed 
slowly. 


Alkali    Blue  Fibregreenish- Fibre  and  liquid  Fibre   at    first  Decolori  sed 


3B. 

(basp) 


Induline. 


Fibre  violet, 
liquid  deep 
blue. 


blue,  solution   reddish -brown   reddish  - 


almost  colour- 
less. 


Met  hyl  eneFibre    nearly 
Blue.  decolorised. 


(basf) 


solution  bluish 
green. 


on  standing. 


I  brown,  after- 
wards decol- 
orised. 


Solution  dark 
blue. 


rapidly. 


Reddish  -  violet  As  withNaOH. 
colour  ab- 
stracted, the 
solution  de- 
colorised on 
addition  of 
2inc  powder. 
Violet  colour 
restored  by 
exposing  fil- 
tered solution 
to  the  air. 


Fibre  an  d  liquid  Fibre  bluish- 
green.  violet. 


No  action. 
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(continued). 


S11CI2  +  HCL 


Alcohol. 


Other  Tests. 


Fibre    little  Absolute 


changed,  blue 
colour  extrac- 
ted. 


hoi,  even  on 
boiling,  ex- 
tracts no  col- 
our. 


alco-SNOg  gives  a  dark  spot,  which  changes  to  dark 
g^een  with  a  black  border. 


Fibrenot  chan-  Absolute    alco-  ^^^^^s  gives  a  black  spot,  which  changes  to  dark 

1  •■  .  .    ■■       ,        -.  STfiATl- 


gad,     liquid 
colourless. 


hoi 
the 


extracts 
colour, 

even    in    the 

cold. 


green. 


Fibre  not  chan-  Absolute    alco-  HNO3  gives  a  light  green  spot  with  black  border, 
ged,     liquid!  hoi      extracts 


colourless. 


Extracts  a  vio 
let  or    green 
colour. 


Decolorised. 


the  colour, 
even  in  the 
cold. 


Bluis h- violet  III d^ili^e   NN  is  not  changed  by  bJeaching-powder 
rnlmirpxtTflrt  '     solution. 

COiOur  extraci-  -g^Q^  gives  a  dark  bluish-green  spot, 
ed.  Bleachmg-powder  solution  changes  some  Indulines 

to  a  reddish-grey,  whilst  others  are  decolorised. 


Greenish- blu e  HNO3  gives  a  green  spot  which   does  not  chaBge 
colour  extract-     f'l^ther.     Bleaching-powder  solution  turns  it  first 

J  "     green,  and  gradually  decolorises  it. 

6d.  Qii  cotton  it  is  much  faster  than  aniline  blues,  and 

withstands  neutral  soaps,  light,  and  weak  bleach- 
ing-powder.    Very  sensitive  to  chromic  acid. 
A  3  per  cent,  solution  of  K2Cr207  changes  it  first  to 
violet  and  finahy  decolorises  it.      If  it  has  been 
fixed  with  tannin  a  brown  coloiir  is  left. 
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DYEIKG    OF    TEXTILE    FABRICS. 


BLUE   COLOrRS 


llatter. 

HCL 

H2SO4.                    NaOH. 

irH40H. 

Eesorcin  Bine. 

i 

Dilute  H^SO^,  Solution   blue, 
no  action-          1  with  red  fluo- 
'  rescence. 

AswithNaOH. 

Indophenol 
Blue. 

Fibre  grevisb- Fibre     greyish-.     No  action. 
bro"WTi.                brown.               I 

No  action. 

Vat    Indigo 
Blue. 

No  action. 

Dilute  H2SO4, 
no      action- 
Concentrated 
H2SO4  gives  a 
blue  solution- 

No  action. 

No  action- 

Indigo 

^  Carmme. 

.Solutiongreen- 
ifih-blue. 

Solution  blue. 

jFibre  greenish. 
On    boiling 
vrith    dilute 
NaOH  colour 
abstracted,  so- 
lution   little 
coloured,   but 
becomes  blue 
on  acidifying. 

AflwithNaOH. 

Pmssian  Blue. 

No  action. 

No  action. 

Fibre  brown  on 
heating. 

No  action. 

Logvood  Blue.  Fibre    red    or 

brown,    solu- 

I  tion  red. 


Ajs  with  HQ,    Fibre  and  so-  AswithNaOH. 
lution  purple,  i 


Ultramarine   Decolorised. 
Blue. 


No  action- 
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(eoniinued). 


SnCl2  +  HCl. 


Alcohol. 


Other  Tests. 


Decolorised. 


Blue     colour  Boiled  with  olive  oil  purplish  colour  is  extracted, 

extracted. 


On     heating^P.oiling     a"bso 
fibre  becomes 
paler,  solution 
greenish- yel- 
low. 


Chloroform  extracts  blue  colour. 


1    ^-L  1  Strong  HNO3  gives  bright  yellow  spot. 
^ -"^  ^'-''^'^■'- Indigo-dyed  cottoji  if  burnt  gives  olf  purple  vapour. 


lute 

gives  blue  so- 
lution, which 
on  standing 
becomes  co- 
lourless with 
separation  of 
indigotiu.. 


Fibre  decolor- 
ised on  heat- 
ing. 


which  can  l»e  condeiised  on  a  cold  porcelain  slab  as 
a  blue  spot. 


No  action. 


Fibre  and  solu- 
tion at  first 
red,  after- 
wards brown. 


Little  or  no  col- ^*^^°^^  extracted  by  boiling  with  dilute  NaaCOa ; 
_,       J    J  i    silk  or  wool  mav  be  dved  in  the  acidified  solution. 
OUT  extracted.  _jfitric  acid  gives  yeUow  spot. 


No  action. 


No  action. 


Decolorised. 


No  action. 


Ash  contains  iron.  Concentrated  nitric  acid  gives 
green  spot.  Boiled  with  XaOH,  solution  contains 
potassium  ferrocyanide,  on  acidifying  and  adding 
Fe2Cl6  blue  precipitate  is  obtained. 


If  used  for  topping  vat  indigo  blue,  it  can  be  removed 
by  boiling  with  dilute  HCl,  the  indigo  being  un- 
aifected  thereby. 


On  burning  fibre  blue-coloured  ash  remains. 
Only  met  with  on  calico  or  woollen  prints. 
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VIOLET 


Colouring 
Martyr.' 

HCl 

H^.S04. 

XaOH. 

Is^H40e:. 

GalleiiL    .     . 

Fibre    brown-! 
isb-red,  liqtiid' 

amber-yellowj 

Afi  with  HCL 

ColoTir  of  fibre 
bluer. 

'  No  addon. 

AlizariiL  .    . 

Pilre    and   li- 
quid d-jll  yel- 
low. 

As  with  HQ. 

Colour  of  fibre 
bluer. 

No  action- 

Methyl  Violet 

Fibre    vellow- 
isb  -  browa, 
liquid  aTnber- 
yellow ;      the 
violet    colour! 
restored  on' 
diluting  vrith 
•water. 

Ab  with  HCL 

Fibre  at  first 
pale  reddiph- 
violet,  after- 
wards decol- 
orised. 

Fibre  pale  lilac, 
nearly   decol- 
orised. 

Benxyl  "Violet.  Fibre  yellow-  As  with  HCL 
ish  -  brown, 
liquid  amber- 
yellow  ;  the 
Tiolet  colour 
restored  on 
dilutiiis'  "with 


Fibre  at  first  Almost  de co- 
bluer,  after-  lorised,  fibre 
wards  deool-  pale  bluish- 
orised.  lavender. 


Parkin's      T%re  unchan-Xittle     ot 
Violet.  ged,    solution  action- 

bluish-pink.    . 


noFibre  blue, 
j  colour  re- 
I  stored     on 

waybills'. 


No  action. 


Naphthyl- 

amine  Violet. 


Fibre  grey. 


Little     or     no 


Phenyl  Violet,Fibre      dark 

or  i  green,      solu- 

Spirit  Violet.  I  tionbrownish. 


Fibre  and  solu- 
tion reddish- 
brown. 


Decolorised.      Decolorised. 


TABLES    OP    COLOUR    TESTS. 
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S11CI2  +  HCl. 

AlcohoL 

Other  Tests. 

Fibre  crimson, 
liquid  red. 

No  action. 

HNO3  gives  a  bright  yellow  spot. 
Bleaching-powder  solution  has  no  action. 

As  with  HCl. 

No  action. 

Destroy  the  colour  by  boiling  with  dilute  HCl,  wash 
and  add  NaOH ;  the  Alizarin  remaining  on  the  fibre 
is  dissolved  with  purple  colour. 

Fibre      green, 
but  nearly  de- 
colorised    on 
standing,     li- 
quid   yellow- 
ish-green. 

Colour    ex- 
tracted. 

Fibre      bright 
green,    liquid 
pale  yellow. 

Colour    ex- 
tracted. 

Fibre     dirty 
brown,    but 
not      decolo- 
rised. 

Colour    ex- 
tracted. 

HNO3  ^^^  no  effect. 

CI  bleaches  the  colour  slowly. 





Blue  colour  ex- 
tracted; only 
decolorises 
slowly. 

Colour    ex- 
tracted. 

HNOs  gives  a  green  spot. 
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BLACK 


Colouring 
Matter. 

HCL 

H2SO4. 

KaOH. 

im40H. 

Aniline  Black, 

Xo  "  a'ction,   or 
colour   be- 
comes  green- 
ish-black, re- 
stored by  al- 
kalies.     Acid 
solution 
brownish. 

As  with  HCl. 

No  action. 

Xo  action. 

Logwood 
Black. 

Fibre  red  or 
olive-  brown, 
solution  deep 
red. 

As  with  Ha. 

Solution    pur- 
ple. 

AswithXaOH. 

Woaded  Black. 

Logwood  col- 
our removed, 
indigo     not 
affected,    and 
fibre  remains 
blue. 

As  with  Ha. 

Logwood  col- 
our removed, 
indigo     not 
affected. 

AswithXaOH. 

Alizarin  Black. 

Fibre    orange, 
colour  restor- 
ed with  XH3. 

As  with  Ha. 

Xo  action. 

Xo  action. 

Tannin  Black. 

Bleached    to 
pale     straw 
colour,  steep- 
ing  after- 
wards in  XH3, 
gives  reddish- 
brown  colour. 

As  with  Ha. 

Fibre     brown- 
ish-grey or 
black. 

Xo  actiou. 

TABLES  OF  COLOUR  TESTS. 
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COLOURS. 


S11CI2  +  HCl. 


AlcohoL 


Other  Tests. 


Fibre  greenish-  Boiling      alco-'Bleacliiiig-powder  solution  changes  colour  to  brown- 
firrev      colour   liol  extracts  a,     ^sn-reci. 

^^c  +  '^^^^  -k^    V  ^^^-  \.         T  Several  passages  through  a  concentrated  solution  of 
r  e  s  1 0  r  e  d  b y    brownish  -  red     B3In04  and  oxalic  acid  alternately,  decolorise  it. 
rs  H3.  colour.  Weak  oxidising  agents  have.no  action. 


Fibre  violet  or 
greyish  -  red, 
solution  red, 
afterwards 
brown. 


No  action. 


Ash  contains  iron  or  chromium. 


Fibre  becomes  As  with  indigo- ^i^t  remove  Logwood  colours,  etc.,  "by  boiling  with 


dirty    green- 
ish-blue. 


blue. 


As  with  HCl. 


Decolorised. 


dilute  HCl,  and  test  blue  remaining  for  Indigo. 


No  action. 


No  action. 


Ash  contains  iron. 


Ash  contains  iron.    Occurs  only  on  printed  calico* 
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BEOWN 


Colouring 
Matter. 


HCL 


Alizarin. 


Fibre  brown- 
ish-orange, 
colour  restor- 
ed by  XH3. 


H0SO4 


As  witli  HCl. 


NaOH, 


NH4OH. 


Action    slight,  Fibre 
fibre     bluer,    changed, 
liquid    tinted 
blue. 


un- 


Nitroalizaxin.  Fibre  paler,  li- Fibre      darker,  Fibre     darker,'     No  action. 


Catechu 
Brown. 


quid  yellow. 


liquid  orange. 


solution 
ourless. 


col- 


Little  or  noLittle    or    noLittle   or  noLittle  or  no 


change,  sola-   change, 
tion       pale 
oransre. 


Camwood 
Brown. 


Fibre  red,  li- 
quid yellow- 
ish-red. 


As  with  HCL 


change. 


change. 


Fibre    and  li- 
quid purple. 


Fibre  purple, 
I  liquid  colour- 
I  less. 


Peachwood  'Fibre    and   li- Fibre      yellow- Fibre    purple,  Fibre    purple, 
Brown.  quid    yellow-  ish-red,   liquid   liquid  cherry-   liquid  colour- 

ish-red.  yellow.  I  red.  1  less. 


D  y  e  w  0  0  d 
Brown. 


Red  or  purple, 
colour  ex-] 
tracted,  I 


As  with  Ha. 


Little  change,  Fibre  unchang- 
liquid  tinged  ed,  liquid  tin- 
red,  ged  red. 


Bismarck   Fibre  reddish-  As  with   HCl,  Fibre  brownish  Fibre  onchang- 
Brown.  brown,    solu-,  but  darker.       !  yellow    solu-   ed,  solution 

tion  red.  i  tion  colourless,    brown. 


Phenyl  Brown.  Colour  extract-' 
ed,  solution 
brownish-red  i 


Naphthyl-  Fibre    brown- 

amine  Brown.    ish-yeUow,so- 

!  lution  oransre. 


Manganese  Slowly  decolor- 
Brown,         ised. 


Purplish  -.Eeddish-brown 
brown  colour  colour  ex- 
extracted.  tracted. 


Fibre  yellow. 


No  action. 


Xo  action. 


TABLES    OF    CeLOUR   TESTS. 
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COLOURS. 


S11CI2  +  HCl. 

Alcohol. 

Other  Tests. 

As  with  HCl. 

No  action. 

As  with  HCl. 

No  action. 

Fibre  becomes 
paler,     solu- 
tion colourless 
or  orange. 

No  action 

Ash  contains  chromium  and  sometimes  copper. 
Colour  more  or  less  bleached  by  boiling  solution  of 
bleaching-powder. 

Fibre  and    li- 
quid   cherry- 
red. 

... 

Occurs  orJy  on  wool. 

Fibre   and    li- 
quid   cherry - 
red. 



Fibre     redder, 
solution    red- 
dish. 

No  action. 

Ash  contrfiins  aluminium  and  iron. 

Fibre  almost 
decolorised. 

Red  or  pink 
colour     ex- 
tracted. 

Boiling  water  extracts  colour ;  boUing  glacial  acetic 
acid  still  more,  with  yellowish-green  fluorescence. 

Fibre    reduced 
to  pink,  solu- 
tioncoloiuiess. 

Dark  brown- 
ish-red colour 
extracted. 

Fibre     purple, 
solution    pale 
pink. 

Solution   blu- 
ish-pink. 

Rapidly    de- 
colorised. 

No  action. 

Ash  contains  manganese. 
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CoMPATlISOy    OF    ThF.RMOJiCETER   SCAiES. 

{Approximate. ) 


Centigrade. 

FalireiilLeit. 

Centigrade. 

Fahrenlieit 

Centigrade. 

Fahrenlieit- 

100*' 

2120 

1        72«> 

162° 

i        44« 

111'' 

98 

208 

70 

158 

42 

108 

96 

205 

68 

154 

40 

104 

94 

201 

66 

151 

38 

100 

92 

198 

64 

147 

36 

97 

90 

194 

62 

144 

34 

93 

88 

190 

60 

140 

32 

90 

86 

187 

58 

136 

30 

86 

84 

183 

56 

133 

28 

82 

82 

180 

54 

129 

26 

79 

80 

176 

52 

126 

24 

75 

78 

172 

50 

122 

22 

72 

76 

169 

48 

118 

20 

68 

74 

165 

46 

115 

Comparison  of  degrees  Twaddell  and  Specific  Gravity. 

In    order   to   change  degrees  Twaddell  into  Specific 
Gravity,  multiply  bv  5,  add  1,000,  and  divide  by  1,000. 
Example. — Change  168°  Tw.  into  Specific  Gravity. 


168x0 


840 
1,000 

l,000)l.840 

1-84  Spec.  GraT. 

To  change  Specific  Gravity  into  degrees  Twaddell, 
multiply  by  1,000,  subtract  1,0*00,  and  diride  by  o. 

Example. — Change    1'84   Spec.    Grav.    into    degrees 
TwaddelL 

1-84x1,000 

1,840 
1.000 


5)    840 

1680  T#. 
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Measures  of  Length. 

The  Metre,  the  unit  of  length,  is  the  ten-millionth 
part  of  a  line  drawn  from  the  Pole  to  the  Equator. 

1  millimetre 

1  centimetre  y-^i 

1  decimetre  =z  J^th,        „ 

1  metre  =  as  above 

1  decametre  =:  10  metres 

1  hectometre  =  100     „ 

1  kilometre  =  1,000  „ 


Y^^^tli  of  a  metre  =: 


0-03937  inches. 
0-39370       „ 
3-93708       „ 
3-2809  feet. 
10-9363  yards. 
109-3633      „ 
0-62138  miles. 


Inch  =  2-53995  centimetres. 
Yard=  0-91438  metres. 


Foot  =  3-04794  decimetres. 
Mile  =  1609-32  metres. 


Measures  of  Weight. 
The  Gram,  the  uiiit  of  weight,  is  the  weight  of  a 
cubic  centimetre  of  distilled  water  at  4°  Centigrade 

1  milligram 

1  centigram  _  .^-^ 

1  decigram  =  -J^th        „ 

1  gram  — :  as  above 

1  decagram  =  10  grams 

1  hectogram  =:  100      „ 

1  kilogram  =  1,000  ,, 


T^oth  of  a  gram   =z 
4h 


0-0154  troy  grains. 
0-1543       „ 
1-5432       „ 
15-4323       „ 
154-3235       „     [pois. 
3-5291  oz.  avoirdu- 
2-20462  lbs.     .. 


Pound  (avoirdupois)  =  453-59  grams. 
Ounce  (avoirdupois)  =    28-34       „ 

Measures  of  Capacity,  dry  and  liquid. 
The  Litre,  the  unit  of  the  measures  of  capacity,  dry 
and  liquid,  is  the  volume  of  a  cubic  decimetre. 

1  millilitre  =  ^  iwoth  of  a  litre,  or  )       j  15-432  grain  measures,  or 
;  1  o^.h.n  .c.r.i-;rr.^^,.^  t  —  I    0-06103  cubic  inches. 
=       0-61027      „         „ 
=       6-10270      „         „ 

=       1-7608  pints. 

=      2-2009  gallons. 
=     22-0097       .. 


(  1  cubic  centimetre 
1  centilitre  ==     yiyth  of  a  litre 
1  decilitre    =    J^th     „      „ 

1  litre  =/^®   above  =   10001 

\     cub.  cent. 
1  decalitre   =     10   litres 
1  hectolitre  =     100     ,. 


I 


1  kilolitre    =     1,000  „  =  220-0967       ,'; 

A  gallon  of  water  weighs  10  lbs.  (avoirdupois). 


INDEX. 


A  CETATE  of  lime,  245 
■^    Acetic  acid,  244 
Acid     potassium     tar- 
trate, 243 
Ageing  process,  170 
Albumen,  237 
Alizarin  pink,  451 
• —  ijurple,  452 

—  chocolate,  453 

—  blue  shade,  426 

—  yellow  sh.ade,  426 

—  oil,  236 

—  Ajiplication  to  wool, 
453 

silk,  45C 

cotton,  426 

Alizarin,  425 

—  orange,  455,  458 

—  blue,  427 
Alpaca,  27 
Alum,  163 

Aluminate  of  soda,  175 
Aluminium  acetates,  164 

—  chloride,  173 

—  mordants,  157 

—  nitrate,  174 

—  oxalate,  174 

—  siilphate-acetates,  167 

—  sulphates,  157 

—  tartrate,  174 

—  tMocyanate   (sulpbo- 
cyanide),  172 

—  thiosulphate     (hypo- 
sulphite, 175 

Amaranth,  376,  422 
Ammonia,  241 
Ammonium    carbonate, 

241 
A'uyloid,  6 
Aniliae  black,  890 

—  grey,  387 
Annatto,  355 
Anthracene  colours,  425 

—  green,  407 

—  violet,  406 
Anthrapurpurin,  426 
Antimony     potassium 

oxalate,  242 

tartrate,  242 

Argol,  243 
Assistants,  243 
Auramiue,  385 
Aurantia,  401 
Aureosin,  404 

I  I 


Aurin,  403 
Auro-phenylene,  402 
Azariu,  418 
Azo  blue,  419 
Azo  colours,  412 
Azoflavin,  416 
Azuro  phenylene,  402 

T)AEBEEET,  367 

^    Barium    cliromate, 

211 
Barlow's       bleacliing 

kiers,  79 
Barwood,  310 

—  red,  341 
Bastose,  20 
Bengaline,  387 
Benzopurpurin,  416 
Bichromate  of    jjotash, 

206 

soda,  211 

Black,  Auilinp,  390 

—  Bonsor  s,  329 

—  Copperas,    on    wool, 
327 

—  liquor,  178 

—  on  cotton,  319 

silk,  333 

-wool,  323 

Bleaching  of  calico,  75 

cotton  yarn,  72 

linen  cloth,  88 

yaro,  86 

silk,  118 

— •  —  wool,  112 
Blooming,  197,  274 
Blue,  Alizarin,  457 

—  Alkali,  379 

—  B!ackley,  379 

—  China,  379 

—  Cotton,  379 

—  Coupler's,  387 

—  Diphenylamiue,  377 

—  Elberfeld,  387 

—  Ethyl,  377 

—  Ethylene,  397 

—  Fast,  379 

—  Fluorescent,  402 

—  Gentiana,  377 

—  Guernsey,  379 

—  Humboldt,  377 

—  Imperial,  377 

—  Lyons,  377 

—  Methyl,  377 


Blue,  Methylene,  396 

—  Naphthol,  410 

—  Napoleon's,  465 

—  Navy,  379 

—  Neutral,  389 

—  New,  390 

—  Nicholson's,  379 

—  Night,  379,  386 

—  Opal,  377 

—  Parma,  377 

—  Peacock,  384 

—  Prussian,  463 

—  Quinoline,  398 

—  Kaymond's,  465 

—  Eesorcin,  402 

—  Rosaniline,  377 

—  Koubaix,  387 

—  K  yal,  463 

—  Sers^e,  379 

—  Soluble,  378 

—  spirit,  357 

—  stone,  222 

—  verdigris,  223 

—  Victoria,  386 

—  vitriol,  222 

—  Water,  379 
Boiled-ofl:  liquor,  116,247 
Boiling-oS  silk,  116 
Bordeaux,  422 
Brazilian  cotton,  2 
Brazilwood,  338 
Brown,  Bismarck,  413 

—  Cinnamon,  413 

—  Fast,  421,  422 

—  holland,  89 

—  Manchester,  413 

—  Manganese,  462 

—  Phenyl,  399 

—  Phenvlene,  413 

—  Orchil,  418 
Buff,  Irou,  461 
Burl  dyeiug,  468 

pACHOUDE  LAVAL, 
^     459 

Calcium  acetate,  245 

— carbonate,  242 

Camwood,  340 

Canarin,  460 

Canelle,  413 

Carb  nate    of     potash. 

Manufacture  of,  from 

raw  wool,  40 
Carbonising,  32 
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Cardinal,  376 
Carmines,  196 
Casein,  239 
Cashmere,  27 
Castor-oil  as  a  mordant, 
235 

soap,  236,  444 

Cateclin,  368 

—  Experiments  %rith,473 
Caustic  soda,  240 
Cellulose.  4 

Cerise,  375 
Chalt,  242 
Chemical  theory  of  dve- 

ing,  145 
ChemicMng,  S3 
Chemistry  of  retting,  16 
China  grass,  21 
Chocolate,  Alizarin,  453 
Cholestertne,  38 
wool,  323 

—  yellow,  461 
Chrome- alum,  211 

—  blacks  on  cotton,  321 
Chromium  acetate,  215 

—  chloride,  218 

—  mordants,  206 
Alkaline,  219 

—  nitrate,  218 

—  -nitrate-acetate,  218 

—  sulphate,  214 

—  -sulphate-acetate,  217 

—  thiocyanate  (sulpho- 
cyanide),  218 

Chrysamein,  420 
Chrysamin,  419 
Chryseolin,  418 
Chrysolin,  403 
Chrvsoidine.  412 
Chrvsoin,  418 
Claret  red,  422 
Coccin,  404 

—  New,  422 
Cocciuin,  423 
Cochineal,  34S 

—  crimson,  348 

—  scarlet,  349 
Ccerulein,  407 
CodiUa,  17 
Collodion,  7 
Colorimetry,  492 
Colour  acid  and  colour 

bases,  153 

Colouring  principles,  147 

Comparative  dve-trials, 
493 

Complementary  colours, 
490 

Compound  shades,  Dye- 
ing of,  489 

Copper  acetate,  222 


Copper  chloride,  223 

—  chromate,  211 

—  mordants,  222 

—  nitrate,  223 

—  sulphate,  222 

—  sulphide,  223 
Copperas,  176 

—  black  on  wool,  327 
Corallin,  Eed,  403 

—  Yellow,  403 
Cotton,  Action  of  acids 

on,  6 

alkalis  on,  8 

chlorine  on,  11 

colouring    mat^ 

ters  on,  12 

frost  on,  6 

lime  on,  10 

metallic  salts  on, 

U 
mildew  on,  5 

—  Chemical  composition 
of,  4 

Cotton-bleaching,  71 

—  cloth -drying  machi- 
nery', 267 

—  cloth- dveing  machi- 
nery, 260 

—  cloth -washing  ma- 
chinery, 262 

—  Dead,  3 

—  dyeing.  Notes  on,  248 
Operations,  &c.,  in, 

249 

—  Microscopic  appear- 
ance of,  3 

—  Mordanting  of,  150 

—  plant,  1 

—  Physical  structure  of, 
2 

—  Sea  Island,  2 

—  Unspun,  drying  ma- 
chinery, 250 

—  Unspun,  dyeing  ma- 
chinery, 250 

—  Unspun,  washing  ma- 
chin  er^-,  250 

—  yam  drying  machi- 
nery, 259 

dyeing  machinery, 

250 

washing  machi- 
nery, 254 

Crabbing,  111 

Cream  linen,  89 

—  of  tartar,  243 
Crocein,  Brilliant,  423 

—  3  Bs.  422 

—  Scarlet,  423 
Cross-dyeiner,  466 
Crystal  carbonate,  241 


Cutch,  Prepared,  370 
Cyanosine,  405 

DAHLIA,  377,  382 
Dead  cotton,  3 
Dead  wool,  30 
Defects  in  indigo  vats, 

312 
Dextrin,  7 
Dip.  The,  87 
Dolly,  103 
Drying-arrangement, 

Open  air,  2S2 
Drrine-machine,   Cylin- 

der,^2S6 

Hank,  259 

Hot-air,  268 

Loose    wool,    Mc- 

Nauffht's,  277 

Tenter,  2S7 

Wool,  Continuous, 

278 
Dunging  process,  170 
Dyeiug,  Irregular,  287 
Dyeing  -  machine,     Bo- 
den's  hank,  252 
Mather  and  Piatt's 

spiral,  261 

—  —    Pitt's     wooUen 
yam,  280 

Union  cloth,  283 

Warp,  253 

Wilson's  hank,  251 

Winch,  282 

Woollen  yam,  279 

if^CEU  silk,  119 
-^     Egyptian  cotton,  2 
Elasticity  of  silk,  57 
Emulsive  oil,  234 
Eosin,  404 

—  Methvl,  404 

—  Ethvi,  404 
Erythrin,  404 
Erythrosin.  404 
Experimental   dye  ves- 
sels, 483 

—  dyeing,  473 
Experiujents     in    mor- 
danting cotton,  479 

wool,  480 

— ■•  with  colotu'ing  mat- 
ters, 478 
Extracting,  32 

FASTNESS  of  colours, 
485 
Fast    and   fugitive    co 

lours.  List  of,  487 
Ferric  acetate,  191 
nitrate,  192 


INDEX. 
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Ferric  chloride,  192 

—  nitrate,  191 
sulphate.  190 

—  sulphate,  178 

acetate,  192 

Ferrous  acetate,  178 

—  chloride,  181 

—  nitrate,  181 

—  siilphate,  176 

—  thiosulphate    (hvpo- 
sulpbite),  181 

Fibroin,  63 

Firing  of  tin  spirits,  202 
Fixing  agents  for  mor- 
dants, 239 

—  liquor,  Purple,  179 
FJavaniline,  397 
Flavin,  363 
Flavopurpurin,  426 
Flax,  12 

—  breaking,  16 

—  Chemical      composi- 
tion of,  19 

—  hackhng,  17 

—  scutchiug',  17 

—  retting,  14 

—  hue,  17 

—  plaut,  12 

—  Physical  structure  of. 
17 

—  tow,  17 
Fleece-wool,  30 
Fluorescein,  403 
Flurt  silk,  51 
Fugitive  colours,  485 
Fustic,  Old,  369 

—  Young,  364 

riALLElN,  406 
^-^     Gallocjanin,  411 
Gas  bleaching,  112 

—  singeing,  77 
Gelatin  mordant,  239 
Glauber's  salts,  245 
Glossing,  55 
Glucose,  7 

Glue  as  a  mordant,  239 
Grassing,  89 
Greasy  wool,  35 
Grey,  Aniline,  387 

—  sour,  80 

—  washing,  78 
Green,  Acid,  374 

—  Aldehyde,  396 

—  Alkali,  37o 

—  Anthracene,  407 

—  Benzaldehyde,  373 

—  Benzoyl,  373 

—  Brilliant,  373 

—  Ethyl,  373 

—  Guinea,  375 


Green,  Helvetia,  375 

—  Light,  375 

—  Malachite,  373 

—  Methyl,  383 

—  Naphthol,  402 

—  New,  373 
Victoria,  373 

—  Solid  or  Fast,  373 

—  Victoria,  373 

—  vitriol,  176 
Grenadine,  375 
Gun-cotton,  7 

TTAIE  and  wool,  Dif- 
-*"•-  ference  between,  24 
Hank -dyeing  machine, 

Boden's,  252 

— Wilson's,  251 

Hank- washing  machine, 

Scotch, 255 

German,  257 

Hawking  machines,  315 
Helianthin,  415 
Hehochrysin,  401 
Huile  toumante,  234 
Hydro-cellulose,  7 

—  -extractor,  281 
Hydrogen  dioxide,  112, 

114,  120 
Hyposulphite  of    soda, 
■^26 

TNDIGO  Carmine,  317 
-•-    —dyeing  operations, 
313 

on  cotton,  297 

silk,  317 

wool,  304 

Theory  of,  295 

—  extract,  317 

on  silk,  318 

wool,  317 

—  grin^ling  mills,  296 

—  hydrosulphite     vat. 
30i 

—  lime  and  copperas  vat, 
297 

—  potash  vat,  307 

—  soda  vat,  308 

—  substitute,  325 

—  urine  vat,  308 

—  vats.  Defects  in,  312 

—  woad  vat,  303 

—  zinc  powder  vat,  302 
Induhne,  387 
Injector  bleaching  kier. 

81 
Iron  alum,  193 

—  liquor,  178 

—  mordants,  176 
Alkaline,  193 


Iron,    Nitrate  of,     181 
191 

—  PyroUgnite  of,  178 
Isocholesterine,  38 
Isopurpurin,  426 

JIGGER    dyeing    ma- 
"     chine,  262 
Jute,  20 

—  bleaching,  21 

TT-EMPS,  26 
-•-^    Keratin,  30 

T  AC  dye,  354 
^-^    Lactarine,  239 
Lant,  92 
Lead  acetate,  224 

—  chromate,  211 

—  mordants,  224 

—  nitrate,  224 

—  Sugar  of,  224 
Level-dyeing,  276 
Light,  Influence  of,  ou 

dyed  colours,  485 
Limawood,  488 
Lime-boil,  78 

—  -sour,  80 

Linen    bleaching,    Che- 
mistry  of,  90 

—  cloth  bleaching,  88 

—  Cream,  89 

—  fibre,  12 

—  yam  bleaching,  f^G 
Liqiiid  bleaching,  114 
Llama-wool,  27 
Logwood,  319 

—  blacks  on  cotton,  319 

silk,  333 

wool,  323 

—  blues  on  cotton,  323 
wool,  331 

—  greys  on  cotton,  322 

—  purples  on  cotton,  323 

wool,  332 

Loose-wool  scouring,  94 
Lut^cienne,  404 

nVTADDEE,  344 
^^^    —  bleach,  75 
Madras  cotton,  2 
Magdala  red,  389 
Magenta,  375 

—  Acid,  376 
Magma  process,  101 
Magnaneries,  44 
Mandarin  S.,  420 
Manganese     mordants, 

225 
Manganous  chloride,225 
Market-bleach,  85 
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M elf «wghf 8W00I  ■eonr- 
ii«»adiiie.]flO 

Kensensed  cottnan,  9 
Meta^edlie  acid,  19, 90 
MelBstaudc  aeid.  HB 
Ifetiiods  oC    vool-dje- 

IGDiB?,  bfluenee  o^  OB 

dyed  ookmis,  481 
ifiiEfMi   faiV^f^^  Djeiae 

o£.4B6 
Mohair,  27 
Moano^caietie  eoloazxBg 

mi«as,l«7 
Mondaatiiis  aad  ^eii^ 

meOiod  of  «oo1-4f^ 

—  Geaenl  vetiiods  oC, 

149 
HotdaBt^laS 


137 


•^  Clmndiiiit,  806 

—  Copper,  2SS 

—  GaiK;^9 

—  InHB,]^ 

—  00,233 

—  Sbtm^ae 

-^Sol^pluD^  296 

—  Tnune  add,  227 

JEoIlMnj  alk,  4i 
MoDoiga^  aeouniig  pto- 


mass*Bf!f^si^lS5 
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Olae  acid,  233 
OliTe  oil  as  a  mordant, 
23S 

—  /LWaphtliAl.  4an 

—  DimedijlaidliK.  4U 

—  DipjieDjlamiBe,  415 

—  eTtrt,4ai> 
— G<dd.415 

—  1^419 

—  IL,4a[> 

—  IIL,415 

—  IV„415 

—  G,4ai» 

—  11.415 

—  Pa]atm^401 
OK]nl,£5 
QrgBDxiae  alk.  48, 50 
Oraeaiin,  Ho.  3, 421 
Orer-duooiii^  203 
Onxgroira  wool,  30 
Oxjedlnlase,  11 

PSACHWOOB,  33S 
Peetie  acid,  4^  16 
PeeliBe,16 
Feeto9e.l6 
Posaaa  berries,  3S6 
Pcmrint  eotton,  2 
nieno]  coToor8,308 
Flilaxiii.4ifB 
Vhosfidae,  3B6 
F1ijaie,aOI 
Pioie  acid,  398 
Pieoe-dyed  goode^  289 
^SaeotB,lfir 
Pink.  Afiarin,  451 

—  enriii^^  iiaoior,  ^1 

—  r  -e,3S8 


:-Tiiiw% 


T^ 


P]rroai]i.40& 

QCTEBCITBOS    hmr\, 
362 

J^AIIIE.21 

Bavs[Ik,43 

—  wool,  35 
Bed,JLBisal,^3 

—  Bar«ood,3ll 

—  C2ar^422 

—  Coufpo,  416 

—  Coxallin.  403 

—  Fastv423,4a 

—  Frenidi,  430 
-Impoia],  4M 

—  liqnar,  168 

ConinioB,  169 

Halloo 

—  Magdala,  389 

—  STeutxal.  389 

—  Peony,  403 

—  Pliaietol,48S 
Beting,  S7 
'Resin.hwl,  83 
B^tins  of  flax,  14 
Blieea«21 
Booemne,  ^^ 
BosMiilrne  eatoms,  373 
Sose  Bemeal,  404 

—  JB.404 
BosdJBe^375 
Booolaae,  387 
Sostdie  aeid  eoloiixB,  408 
Bonge  fxants^s,  ^O 
£oaiIle,182 

Bobeofiine,  404 
BalBdin,^l 
Bahiiie,  375 

SAI)DX;5IN6,2ai 

Safiroa  y«]low,  400 

—  >r---JM,389 

—  indiiliiiegrai^oC 


:.  c40 


P:: 
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Scarlet  GG,  421 

—  GT,  420 

—  Imperial,  423 

—  E,  420 

—  2E,  421 

—  3R,  421 

—  4R,  421 

—  5R,  423 

—  6E,  422 

—  S,  423 

—  SS,  423 

—  Xylidine,  420 
Schappe-silk,  51 
Scouring  agents,  92 

—  of  loose  wool,  94 

union  goods,  108 

woollen-clotli,  lOS 

yarn,  l(_i2 

Scroop,  53 

Scutching  of  flax,  17 
Seek,  94 

Sericin,  &4 

Silica  as  a  mordant,  226 
Silicate  of  soda,  241 
Silk,  Action  of  acids  on, 
66 

alkalis  on,  67 

colouring    mat- 
ters on,  69 

metallic    salts 

on,  68 
water  on ,  65 

—  Blacks  on,  333 

—  bleaching,  118 

—  Boiled-off,  115 

—  Chemical      com.posi- 

tion  of,  62 

—  cocoon,  47 

—  conditionin?,  59 

—  Culture  of,  43 

—  dyeing— indigo,  317 

—  -j;  Notes  on,  294 

—  Ecru,  119 

—  glue,  64 

—  lustreiug,  57 

—  Microscopic    appear- 

ance of  raw,  46 

—  Mordanting  bath  for, 

186 

—  Origin  of,  43 

—  Physical     properties 

of,  53 

—  Eeeling  of,  49 

—  scouring,  115 

—  scroop,  63 

—  Souple,  117 

—  Squeezing      machine 

for,  187 

—  Stretching  of,  117 

—  -  Srrin^ing  of,  55 

—  washing  inacbine,  189 

J  J 


Silk   weighting,  371 

—  Wild,  51 
Singeing  of  calico,  76 
Single -bath -method  of 

dyeing,  273 
Skying,  300 
Soda,  Caustic,  240 

—  crystals,  241 
Sodium  arsenate,  210 
—  carbonate,  241 

—  dichromate,  211 

—  hydrate,  240 

—  phosphate,  240 

—  sulphate,  21^ 

—  tetrasiUcate,  241 

—  thiosulphate,  226 
Soluble  glass,  241 

—  oil,  2S6 

Souple  silk,  117  [261 
Spiral  dyeing  machine. 
Spirit,  Amaranth,  198 

—  Aniline,  203 

—  Bar>vood,  201 

—  Blue,  464 

—  Bowl,  199 

—  Cotton,  201 

—  Crimson,  201 

—  Finishing,  198 

—  Plum,  198 

—  Purple,  201 

—  Eoyal  blue,  464 

—  Scarlet,  199 

—  Scarlet  finishing,  198 

—  YeUow,  198 
Sprits,  89 
Squeezing     machine, 

Birch's,  266 

for  woollen  cloth, 

284 

—  rollers,  265 

Stan  ate  of  sorla,  204 
Stannic  chloride,  199 
Staunous  chloride,  195 

—  niti-ate,  198 
Staple  of  wool,  23 
Steiner's       process      of 

Turkey  -  red    dyeing, 

438 
Stoving,  112, 431 
Stretching  of  silk,  117 

—  woollen-yarn,  102 
Stringing,  55 
Stufliug   and  saddening 

method  of  dyeing,  "^71 
Suoar  of  lead,  224 
Suli^hated  oil,  234 
Sulpho-muriate    of  tin, 

198 
Sulphur  as  a  monlant. 

Sulphuric  acid,  245 


Sulphur  stove,  113 
Sun  gold,  401 
Snper-argol,  244 
Surat  cotton,  2 
Sweeteuing,  83 

rriANNIC    ACID   as   a 
-*-   mordant  and  filing 

agent,  227 
Experiments  with, 

475 
Tartar,  243 

—  -emetic,  242 

—  substitute,  244 
Tartaric  acid,  243 
Tenacity  of  silk,  57 
Theories  of  dyeing,  144 
Thiosulijhate    of    soda, 

226 
Tin  composition,  201 

—  crystals,  195 

—  mordants,  194 

—  Muriate  of,  195 

—  Nitrate  of,  199 

—  Nitro-muriate  of,  201 

—  Oxymuriate  of,  201 

—  salt,  195 

—  spirits,  197,  200 
^-  siDots,  352 

—  Sulpho  -  muriate  of, 
198 

Tram  silk,  48,  50 
Tramping,  429 
Tropaeolin  D,  415 

—  G,  415 

—  O,  418 

—  OO,  415 

—  000,  No.  1,  419 

—  000,  No.  2,  4J0 

—  0000,  420 

—  E,  418 

—  Y,  418 

Turkey-red  bleach,  85 
clearing,  4  i4 

—  —  dyeing.  Emulsion 
process,  427 

oil,  236 

stove,  441 

— ,  Steiner's  pro- 
cess, 438 

— ,  Snlphated  oil 

process,  442 

,  Calico-printer's 

process,  451 

liquor-padding  ma- 
chine, 440 

—  —  oil -padding  ma- 
chine, 439 

—  —  \aru  steaming 
chimber,  445 

Turmeriii.  2S7 
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Turn-liauking,  90 

Tussur  silk,  51 

bleaching  of,  119 

UNION  goods,  Sco.ir- 
iug  of,  108 

Dyeing  of,  4G7 

ir-.iripe  coccon,  3 
Uranin,  403 

VACUUM     bleacliiii ,' 
*      Mer,  81 
Vat,  H.vdrosulphite,  308 

—  Ferroiis  sulphate,  297 

—  Potash,  307 

—  Soda,  303 

—  Urine,  303 

—  Woai,  303 

—  Ziuc  powder,  302 
Verdigris,  223 
Vesavine,  413 
Vicmia  wool,  27 
VinegLir,  244 
Violaniline,  387 
Violet,  Acid,  383 

—  Alk.ili,  383 

—  Benz.\  1-rosaniline,  383 

—  Crystal,  386 

—  Hofmann'?,  382 

—  Imperial,  381 

—  Methyl,  382 

—  Naphthvlamine,  396 

—  Neutral,  389 

—  New  Fast,  411 

—  Paris,  382 

—  Parma,  381 

—  Perkiu's,  3S7 

—  Phenyl,  381 

—  E,osauiliue,  "381 

—  Spu^t,  381 
Viridin,  37  • 

WAEP-DYEING  m:i- 
chine,  253 
Wash  stocks,  254 
Washing       machine, 
Cahc-.,  263 

German  hank,  257 

Scotcu  hank,  255 

Square  beater,  265 

—  of  loose  wool,  277 
woollen  cloth,  285 

—  —  woollen  yarn,  281 
Waste  silk,  60 


Water,  Alkaline  carbo- 
nate as  impurities  in, 
127 

—  Calcareous  and  niag- 
nesian  impurities  in, 
122 

— ,  Correction  and  iniri- 
fication  of,  1Z8 

—  purification,  Clark's 
process,  131 

Gaillet-Huet  pro- 
cess, 134 

Porter-Clark  pro- 
cess, 133 

—  Ferruginous,  126 

—  Unranic  impurities 
in,  127 

—  Peatv  acids  in,  127 

—  Soft  and  hard.  121 
Weiarhtin?  silk,  371 
Weld,  356 
Whitening,  242 
White-sour,  b4 
Wdd  silks,  51 
Woaded  blacks  oa  wool, 

330 

Woad-vat,  303 

Wool,  Action  of  acids 
on,  32 

alkalis  on,  3! 

colouring'  mat- 
ters on,  34 

heat  on,  31 

nietalhc     salts 

on,  34 

—  analysis,  36 

—  Blacks  on,  323 

—  Chemical  comp^si- 
tiou  of,  30 

—  Conditioning  of,  28 

—  -dyed  goods,  289 

—  dveiag.  Methods  of, 
269 

Operations  in,  274 

—  -fat,  37 

—  -fibre,  30 

Physical  structure 

of,  24 

—  Lustre  of,  29 

—  p-rspiration,  38 

—  Eaw,  35 

—  s;  ouring,  91 
sorter,  2  i 

—  -sorter's  disease,  27 

—  steepi^  95 


Woo\  Varieties  of,  22 

—  Wash-water  producrs 
..f  ravT,  40 

Woollen    cloth    dyeijig 
machinery,  284 

squeezing.  2S4 

drying.  286 

scouring,  lOS 

—  yarn  dyeing,  279 

drying,  284 

scouring,  105 

stretcbing,  102 

wasbing,  281 

Wools,  Foreign,  27 
Physical    proi>er- 

ties  of,  27 

—  —  Loose,    Scouring 
of.  94 

Worsted    and   woolleu 
goods,  23 

XANTHOPROTEIC 
acid,  32 

■V-AEN-dyed  goods,  289 
J-     Yellow,  Acid,  414 

—  Aniline,  412 

—  Brillia'it,  415 

—  Campobello,  400 

—  Fast,  414 

—  Fluorescein, 

—  French,  400 

—  Golden,  400 

—  Imperiffl,  401 

—  Indian,  416 

—  Manchester,  403 

—  Martin's,  400 

—  Metaiii!,  415 

—  Naphthahiie.  400 

—  Naphthol,  40) 

—  N.  415 

—  New,  401 
Manufacture 

of,  from  raw  wool,  -il 

—  QuinoUne,  398 

—  Eesorcinol.  418 

—  Satiron,  40  t 

—  S,  Naphthol,  400 

—  Victoria.  400 
Yolk  ash.  39 
furnace,  98 

—  (of  wool),  35 

—  solutions,  97 
Young  Fustic,  3'J4 
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Plates,  and  numerous  Wood  Engra\ings.  Cloth,  31s.  6d. ;  half- 
morocco,  42s. 

Decisive  Events  in  History.  By  Thomas  Archer.  With  Sixteen 
Illustrations.     Boards,  3s.  6d.  ;  cioth,  5s. 

Decorative  Design.     By  Christopher  Dresser,  Ph.D.    Illustrated.  5s. 

Deserted  Village  Series,  The.  Consisting  of  Editions  cU  luxe  of  the 
most  favourite  poems  of  Standard  Authors.     Illustrated.     2s.  6d.  each. 


SONGS  FROM  Shakespeare. 
Milton's  L' Allegro  and  II 
Penseroso. 


Goldsmith's  Deserted  Village. 
Wordsworth's  Ode  ox  Immortality, 
AND  Lines  on  Tintern  abeev. 


Dickens,  Character  Sketches  from.  Second  and  Third  Series.  With 
Six  Original  Drawings  in  each,  bj*  F.  Barnard.  In  Portfolio,  2is.  each- 
Diary  of  Two  Parliaments.  By  W.  H.  Lucy.  Vol.  I.  :  The  Disraeli 
Parliament     Vol.  II.  :  The  Gladstone  Parliament.    12s.  each. 

Dog,  The.     Bj'  Idstone.     Illustrated.     2s.  6d. 

Dog.  Illustrated  Book  of  the.  By  Vero  Shaw,  B.A.  With  28  Coloured 
Plates.     Cloth  bevelled,  35s.  ;  ha!f- morocco,  45s. 

Domestic  Dictionary,  The.    Cloth,  7s.  6d. 

Dore's  Adventures  of  Munchausen.  Illustrated  by  Gust a\'eDor6.  5s. 

Dore's    Dante's    Inferno.      Illustrated    by   Glstave   DoKi.     21s. 

Dore's  Fairy  Tales  Told  Again.     With  EngraWngs  by  Dor6.    5s. 

Dore  Gallery,  The.     With  250  Illustrations  by  Dore.     410,  42s. 

Dore's  Milton's  Paradise  Lost.     Illustrated  bv  Dor^     4to,  21s. 

Edinburgh,  Old  and  New.  Three  Vols.  'VS'ltheoo  Illustrations,  gs.  each. 

Educational  Year-Book,  The.    6s. 

Egypt  :  Descriptive,  Historical,  and  Picturesque.  By  Prof.  G. 
Ebers.  Translated  by  Clara  Bell,  with  Notes  by  Samuel  Birch, 
LL.D.,  Sec  Two  Vols.  With  Eoo  Original  Engravings.  Vol.  I., 
£2  5s.  ;  Vol.  II.,  £2  I2S.  6d.     Complete  in  box,  £4  17s.  6d. 

Electricity  in  the  Service  of  Man.     With  neariy  S50  Illustrations.     21s. 

Electrician's  Pocket- Book,  The.     By  Gordon  Wigan,  M.A,     5s. 

Encyclopaedic  Dictionary,  The.  A  New  and  Original  Work  of  Refer- 
ence to  a'J  the  Words  in  the  English  Language.  Ten  Di^risional  Vols, 
now  ready,  los.  6d.  eacii  ;  or  the  Double  Di\isional  Vols.,  half- 
morocco,  2is.  each. 

Energy  in  Nature.  By  Wm.  Lant  Carpenter,  B.A.,  B.Sc  £0  Illus- 
trations.    3s.  6d. 

England,  Cassell's  Illustrated  History  of.  %\'lth  2,000  Illustrations. 
Ten  Vols.,  4to,  cs.  each. 

English  History,  The  Dictionary  of,     Qoth,  21s. ;  Roxburgh,  25s. 

English  Literature,  Library  of.  By  Prof.  Henry  Mokley.  Five 
Vols.,  7s.  6d.  each. 

Vol.      I. — Shorter  English  Poems. 
Vol.    II. — Illustrations  of  English  Religion. 
Vol.  III. — English  Pl.ws. 
Vol.  IV. — Shorter  Works  in  English  Prose. 
Vol.    V. — Sketches    of    Longer  Works   in  English    Versb 
AND  Prose. 
Five  Volumes  handsomely  bound  in  half-morocco,  £5  5s. 
English  Literature,  The  Story  of.     By  Anna  Buckland.    3s.  6d. 
English  Literature,  Morley's  First  Sketch.     Re\'ised  Edition,  7s.  ed. 


Selections  from  Cassell  ^  Compariys  Publications. 


English    Literature,    Dictionary    of.      By    W.    Davenport    Adams. 

Cheap  Edition,  7s.  6d.  ;  Roxburgh,  los,  6d. 
English  Poetesses.     By  Eric  S.  Robertson,  M.A.    5s. 
^ sop's  Fables.     With  about  150  Illustrations  by  E.  Griset.     Cloth,  gilt 

edges,  IDS.  6d. 
Etching.     By  S.  K.  Koehler.      With  30  Full-Page  Plates  by  Old  and 

Modem  Etchers.     £^^  4s. 
Etiquette  of  Good  Society,     is. ;  cloth,  is.  6d. 
Eye,  Ear,  and  Throat,  The  Management  of  the.     3s.  6d. 
False  Hopes.     By  Prof  Goldwin  Smith,  M.A.,  LL.D.,  D.C.L.     6d. 
Family    Physician,    The.       By  Eminent  Physicians  and   Surgeons. 

Cloth,  21S.  ;  half-morocco,  25s. 


Fenn,   G.    Manville,  Works   by 

Sweet  Mace. 

Dutch,  the  Diver. 

My  Patients.     Being  the   Notes 

of  a  Navy  Surgeon. 
Ferns,  European.     By  James  Britten,   F.L.S. 

Coloured  Plates  by  D.  Blair,  F.L.S.     21s. 
Field    Naturalist's    Handbook,    The.       By   the    Rev. 

and  Theodore  Wood.     5s. 
Figuier's  Popular  Scientific  Works 
tions  in  each.      3s.  6d.  each. 
The  Human  Race. 
World  Before  the  Deluge. 
Reptiles  and  Birds. 


Cloth   boards,  2s.  each. 
The  Vicar's  People. 
Cobweb's  Father. 
The  Parson  o'  Dumford. 
Poverty  Corner. 

With  30   Fac-simile 

J.   G.   Wood 

With  Several  Hundred  Illustra- 


The  Ocean  World. 
The  Vegetable  World. 
The  Insect  World. 


Mammalia. 

Fine-Art  Library,  The.      Edited  by  John  Sparkes,  Principal  of  the 
South    Kensmgton    Art    Schools.       Each    Book    contains    about 
Illustrations.     5s.  each. 


100 


Engraving.  By  Le  Vicomte  Henri 
Delaborde.  Translated  by  R. 
A.  M.  Stevenson. 

Tapestry.  By  Eugene  Miintz. 
Translated  by  Miss  L.  J.  Davis. 

The  English  School  of  Paint- 
ing. ByE.  Chesneau.  Translated 
by  L.  N.  Etherington.  With  an 
Introduction  by  Prof.  Ruskin. 

The  Flemish  School  of  Painting. 
By  A.  J.  Wauters.  Translated 
by  Mrs.  Henry  Rossel. 

Fisheries  of  the  World,  The 


The  Education  of  the  Artist. 

By  Ernest  Chesneau.   Translated 

by  Clara  Bell.    (Not  illustrated.) 
Greek  Archeology.  By  Maxime 

Collignon.      Translated   by  Dr. 

J.  H.  Wright. 

Artistic  Anatomy.  ByProf.  Duval. 

Translated  by  F.  E.  Fenton. 
The  Dutch  School  of  Painting. 

By  Henry  Havard.     Translated 

by  G.  Powell. 
Illustrated.     4to.     gs. 


By  G.  S.  Jealous,    is. 
Maud    Naftel.    With 


Five  Pound  Note,  The,  and  other  Stories. 

Flowers,    and    How    to    Paint    them.      By 

Coloured  Plates.     5s. 
Forging  of  the  Anchor,  The.    A  Poem.      By  Sir  Samuel  Ferguson. 

LL.D.     With  20  Original  Illustrations.     Gilt  edges,  5s, 
Fossil    Reptiles,    A    History    of   British.     By  Sir   Richard  Owen. 

X.C.B.,  F.R.S.,  &c.     With  268  Plates.     In  Four  Vols.,  £12  12s. 

^°"t^.  J\^'^%    °^   ^"^^    History    (1845-49).      By  Sir    Gavan    Duffy, 
K.C.M.G.     2is. 


Franco-German  W^ar,  Cassell's  History  of  the. 
5C0  Illustrations,     gs.  each. 


Two  Vols.      With 


Fresh  Water  Fishes  of  Europe,  The.    Bv  Prof.  H.G.  Seeley,  F.R.S.. 

Cloth,    218.  ' 


Selections  from  Cassell  f  Company's  Publications. 

From  Gold  to  Grey.     Being  Poems  and  Pictures  of  Life  and  Nature,     liy 

Mary  D.  Brine.     Illustrated.     7s.  6d. 
Garden   Flowers,    Familiar.     Four  Series.      By  Shirley   Hibberd 

With  Coloured  Plates  by  F.  E.  Hulme,  F.L.S.     i2s.  6d.  each. 
Gardening,  Cassell's  Popular.     Illustrated.     4  vols.,  5s.  each. 
Gladstone,  Life  of  W.  E.     By  Barnett  Smith.    With  Portrait,  3s.  6d. 

Jubilee  Edition,  is. 
Gleanings  from   Popular  Authors.    Two  Vols.     With  Original   Illus- 
trations.    4to,  gs.  each.     Two  Vols,  in  One,  15s. 
Great    Industries    of   Great    Britain.      Three  Vols.     With  about  400 

Illustrations.     4to.,  cloth,  7s.  6d.  each. 
Great    Painters   of   Christendom,  The,  from   Cimabue  to  Wilkie. 

By  John  Forbes-Robertson.     Illustrated  throughout.     12s.  6d. 
Great   Northern    Railway,  The  Official    Illustrated   Guide  to  the. 

IS. ;  or  in  cloth,  2s. 
Great  Western   Railway,  The   Official   Illustrated  Guide   to   the. 

Neiv  atid  Revised  Edition.     With  Illustrations,  is.  ;  cloth,  2s. 
Gulliver's  Travels.  With  S8  Engravings  by  Morten.  Cheap  Edition,  s^' 
Gun  and   its   Development,   The.     By  W.   W.   Greener.     With   500 

Illustrations.     los.  6d. 
Health,  The  Book  of.     By  Eminent  Physicians  and  Surgeons.     Cloth, 

21S.  ;  hal:-morocco,  25s. 
Health,  the  Influence  of  Clothing  on.     By  F.  Treves,  F.R.G.S.   2s. 
Health  in  School.     By  Clement  Dukes,  M.D.B.S.     6s. 
Heavens,  The  Story  of  the.     By  Sir  Robert  Stawell  Ball,  F.R.S., 

F.R.A.S.     With  Coloured  Plates  and  Wood  Engravings.     31s.  6d. 
Heroes    of   Britain    in    Peace    and    War.     In   Two  Vols.,  with  300 

Original  Illustrations.     Cloth,  5s.  each. 
Horse  Keeper,  The  Practical.  By  George  Flemi-ng,  LL.D.,  F.R.C.V.S. 

Illustrated.     7s.  6d. 
Horse,  The    Book  of  the.     By   Samuel   Sidney.     With   28  /ac-si»:-U 

Coloured  Plates.    Enlarged  Edition.   Demy  410,  35s.;  half-morocco,  45s, 
Horses,  The  Simple  Ailments  of.     By  W.  F.     Illustrated.     5s. 
Household  Guide,  CasselFs.     With  Illustrations  and  Coloured  Plates. 

New  and  Cheap  Edition,  in  Four  Vols.,  20s. 
How  Women  may  Earn  a  Living.     By  Mercy  Grogan.     is. 
India,  The  Coming  Struggle  for.     By  Prof.  Vamb^ry.     5s. 
India,    Cassell's    History   of.      By  James   Grant.      With  about  400 

Illustrations.     Library  binding.     One  Vol.,  15s. 
India:  the  Land  and  the  People.     By  Sir  J.  Caird,  K.C.B.     ios.  ed. 
Indoor  Amusements,    Card  Games,    and   Fireside    Fun,  Cassell's 

Book  of.     Illustrated.     3s.  6d. 
Invisible     Life,    Vignettes    from.      By   John    Badcock,    F.R.M.S. 

Illustrated.     3s.  6d. 
Irish  Parliament,  The  ;  What  it  Was  and  What  it  Did.     By  J.  G. 

Swift  MacNeill,  M.A.     is. 
Italy.     By  J.  W.  Probvn.     7s.  6d. 

John  Parmelee's  Curse.     By  Julian  Hawthorne.     2s.  6d.^ 
Kennel    Guide,    The    Practical.      By  Dr.  Gordon   Stables.     Illus- 
trated.    2s.  6d. 
Khiva,   A   Ride  to.     By  the  late  Col.  Fred.  Burnaby.     is.  6d. 
Kidnapped.     By  R.  L.  Stevenson.     5s. 
Ladies'   Physician,   The.      A   Guide   for  Women  in    the  Treatn.ent  of 

their  Ailments.     By  a  Physician.     6s. 


Selections  from  Cassell  ^  Company's  Publications. 

Land  Question,  The.     By  Prof.  J.  Elliot,  INI.R.A.C.     los.  6d. 

Landscape  Painting  in  Oils,  A  Course  of  Lessons  in.  By  A.  F. 
Grace.     With  Nine  Reproductions  in  Colour.     Cheap  Edition,  25s. 

Law,  About  Going  to.     By  A.  J.  Williams,  M.P.    as.  6d. 

Letts's  Diaries  and  other  Time-saving  Publications  are  now  pub- 
lished exclusively  by  Cassell  &  Company.  {A  list  sent  post  free  on 
applicatioti.) 

Liberal,V/hy  I  am  a.    By  Andrew  Reid.   2s.  6d.  People's  Edition,    is. 

London   &   North-Western    Railway    Official    Illustrated    Guide. 

IS.  ;  cloth,  2s. 
London,   Greater.      By   Edward  Walford.      Two  Vols.     With  about 

400  Illustrations,     gs.  each. 
London,     Old    and    Nev/.       Six     Vols.,   each    containing    about    200 

Illustrations  and  Maps.     Cloth,  gs.  each. 
London's  Roll  of  Fame.     With  Portraits  and  Illustrations.     12s.  6d. 

Longfellow's  Poetical  Works.  Illustrated  throughout,  £3  3s.;  Popular 
Edition,  l6s. 

Love's  Extremes,  At.     By  Maurice  Thompson.    5s. 

Mechanics,  The  Practical  Dictionary  of.  Containing  15,000  Draw- 
ings.    Four  Vols.     2is.  each. 

Medicine,  Manuals  for  Students   of.    [A  List  forivardcd  post  free.) 

Midland  Railway,  Official  Illustrated  Guide  to  the.  New  and  Re- 
vised Edition.     IS.;   cloth,  2s. 

Modern  Artists,  Some.     With  highly-finished  Engravings.     12s.  6d. 

Modern  Europe,  A  History  of.  By  C.  A.  Fyffe,  M.A.  Vol.  I., 
from  1792  to  1814.     I2S.     Vol.  II.,  from  181410  1848.     12s. 

Music,  Illustrated  History  of.  By  Emil  Naumann.  Edited  by  the 
Rev.  Sir  F.  A.  Gore  Ouseley,  Bart.  Illustrated.    Two  Vols.   31s.  6d. 

National  Library,  Cassell's.  In  Weekly  Volumes,  each  containing 
about  192  pages.  Paper  covers,  3d. ;  cloth,  6d.  {A  List  sent  post  free 
on  application.) 

Natural  History,  Cassell's  Concise.  By  E.  Perceval  Wright, 
M.A.,  M.D.,  F.L.S.     With  several  Hundred  Illustrations.     7s.  6d. 

Natural  History,  Cassell's  New.  Edited  by  Prof.  P.  M,»rtin 
Duncan,  M.B.,  F.R.S.,  F.G.S.  With  Contributisns  by  F.D.inent 
Scientific  Writers.  Complete  in  Six  Vols.  With  about  2,000  high- 
class  Illustrations.     Extra  crown  410,  cloth,  gs.  each. 

Nature,  Short  Studies  from.     Illustrated.    5s. 

Nimrod  in  the  North  ;  or,  Hunting  and  Fishing  Adventures  in  the 
Arctic  Regions.     By  F.  Schwatka.     Illustrated.     7s.  6d. 

Nursing  for  the  Home  and  for  the  Hospital,  A  Handbook  of. 
By  Catherine  J.  Wood.     Cheap  Edition,     is.  6d.  ;  cloth,  2s. 

Oil  Painting,  A  Manual  of.     By  the  Hon.  John  Collier.    2s.  6d. 

Our  Homes,  and  How  to  Make  them  Healthy.  By  Eminent 
Authorities.     Illustrated.     15s.  ;  half-morocco,  21s. 

Our  Own  Country.    Six  Vols.    With  1,200  Illustrations.     7s.  6d.  each. 

Painting,  Practical  Guides  to.  With  Coloured  Plates  and  full  in- 
structions : — Animal  Painting,  5s. — China  Painting,  5s.  —Figure  Paint- 
ing, 7s.  6d. — Flower  Painting,  2  Books,  5s.  each. — Tree  Painting,  5s.— 
Water-Colour  Painting,  5s. — Neutral  Tint,  5s. — Sepia,  in  2  Vols.,  3s. 
each. — Flowers,  and  how  to  Paint  them,  5s. 


Selections  from  Cassell  ^  Company s  Ptibltcations. 


Paris,  Cassell's  Illustrated  Guide  to.     is. ;  cloth,  2s. 

Parliaments,    A   Diary  of   Two.     By  H.    W.    Leer.      The  DisraeS 

Parliament,  i£7A — :8Bo.     las.      The  Gladstone  Parliament,     xzs, 
Paxton's  Flo'wer  Garden.     By  Sir  Joseph  Paxton  and  Prof.  Lindlkt. 

Three  Vols.     With  loo  Coloured  Plates.     £i  is,  each. 
Peoples  of  the  World,  The.     In  Siic  Vols.     By  Dr.  Robert  Browx. 

Illustrated.     7s.  6d.  each. 
Phantom  City,  The.     By  W.  Westall.     5s. 
Photegraphy  for  Amateurs.     By  T.  C  Hepwokth.     Illnstrat«L     is.  ; 

or  clotti,  IS.  §d. 
Phrase  and  Fable,  Dictionary  of.     By  the  Rcr.  Dr.  Brewer.     Cheap 

Edition.,  Enlarged,  doth,  3s.  6d.  ;  or  with  leather  back,  4s.  6d. 

Picturesque  America.  Complete  in  Four  Vols.,  with  48  Exquisite  Steel 
Plates  and  about  800  Original  Woc«d  Engravings.     jTa  2s.  each. 

Picturesque  Canada.  With  600  Original  lUustratioas.  Two  Vols. 
£3  3s.  each. 

FHcturesque  Europe.  Complete  ia  Five  Vols.  Each  containing 
13  Exquisite  Steel  Plates,  from  Original  Drawings,  and  nearly  200 
Chiginal  Illustrations.  £10  los.  The  Popinjui  Edition  is  published 
in  Frve  Vols.,  i8s.  each. 

Pigeon  Keeper,  The  Practical.  By  Lewis  Wright.  Illustrated.  3s.  6d. 

Pigeons,  The  Book  of  By  Robert  Fulton.  Edited  and  Arranged  by 
L.  Wright.     With  50  Coloured  Plates,  31s.  6d.  ;  half-mcMX3CCO,  £2  2s. 

Poems  and  Pictures.     With  numerous  Illustrations.     5s. 

Poets,  Cassell's  Miniature  Library  of  the  : — 


Burns.     Two  Vols.     2s.  6d, 
BvROK.     Two  Vols.    2s.  6d. 
Hood.    Two  Vols.    2s.  6d. 
LoNGJTtLLOw.  Two  Vols.  38.  6d. 


Milton.     Two  Vols.    as.  6d. 
Scott.  Two  Vols.   2s.  6d.  [2s.  6cL 
Sheridan  and  Goldsmith.  2  Vols. 
Wordsworth.     Two  Vols.    2s.  5d. 


Shakespeare.     Twelve  Vols.,  in  Case,  15s. 
•»•  Tht  abm/e  are  alio  pTdilishing  in  cloth,  it.  each  Vol. 

Police  Code,  and  Manual  of  the  Crinainal  La^v.     By  C  E.  Howard 

Vincent,  M.P.     2s. 
Popular  Library,   Cassell's.     Qoth,  is.  each. 
The  Russian  Empire. 
The  Refieioos  Revokuion  in  the 
aGlh  C<liiiy. 


Eagfidi  Jo^maiism. 
Tlie  H^MBSiois. 
Oht  Oiiniiiai  Empire. 
Tdm  Wesfey. 

The  Youjiij    Man  in   tl»e   Battle 


The  Story  of  the  Eng-Hsh  Jacobins. 

Domestic  Folk  Lore. 

The  Rer.  Rowland  Hni:  Preacher 
and  Wit. 

BosweO  aad  JtriinsoB  :  their  Com- 
panions and  Contemporaries. 

The  Scottish  Covenanters. 

History  of  the  Free-Trade  Mov^ 


of  Laie.  ,  meat  in  Eng-land. 

Poultry    Keeper,   The    Practical.     By  L.  Wright.      With  Coloured 

Flaxes  and  Illustraiions.     3s.  5d. 
Poultry,    The    Illustrated    Book    of.      By  L.    Wright.     With   Fifty 

Coloured  Plates.     Qoth,  31s.  5d.  ;  half-morocco,  £2  2s. 

Poultry,  The  Book  of.     By  Lewis  Wright.    Popular  Edition.    ios.6d. 

Quiver  Yearly  Volume,  The.  With  about  300  Original  Contributions 
by  Em-inent  Divines  and  Popular  Authors,  and  upwards  of  250  high- 
cbss  Illustrations,     ys.  6d. 

Rabbit-Keeper,  The  Practical.     By  Cuniculus.     Illustrated-     3s.  6d, 
Rainbow  Series,  Cassell's,  of  New  and  Original  Novels.  Price  is.  each. 

As     IT    WAS    Writtek.      By    S.    I    a      Cpjmson      Stain.       By     A. 
T«ndra.  |  Bradshaw. 

Morgan's  Horror.     By  G.  Manville  Fenn 


Selections  from  Cassell  ^  CompaJiy's  Publications. 


Red  Library,  Cassell's.     Stiff  covers,  is.  each;  cloth,  2s.  each;  or  half- 
calf,  marbled  edges,  5s.  each. 

Handy  Andy. 

■Wash.ington      Irving's  Sketch 
Book. 


Last  Da-ys  of  Palmyra. 

Tales  of  the  Borders. 

American  Humour. 

Sketches  by  Boz.  [Essays. 

Maeaulay's  Lays  and  Selected 

Harry  Lorrequer. 

Old  Curiosity  Shop. 

Kienzi. 

The  Talisman. 

Pickwick  (2  \'ols.) 


Eugene  Aram. 
Jack  Hinton. 

Borne  and  the  Early  Christians. 
The  Trials  of  Margaret  Lsmdsay. 
Old  Mortahty. 
The  Hour  and  the  Blan. 
Scarlet  Letter. 
Poe's  Works. 
Pride  and  Prejudice. 
Last  of  the  Mohicans. 
Heart  of  Midlothian. 
Last  Days  of  PompeiL 
Yellowplush  Papers. 
Representative   Poems  of  Living  Poets    American  and  English. 

Selected  by  the  Poets  themselves.     15s. 
Royal  River,  The  :  The  Thames  from  Source  to  Sea.     With  Descrip- 
tive Text  and  a  Series  of  beautiful  Engravings.     £2  2s. 
Russia.     By  D.  Mackenzie  Wallace,  M.A.    5s. 

Russo-Turkish  War,   Cassell's    History  of.     With  about   500   Illus- 
trations.    Two  Vols.,  gs.  each. 
Sandwith,  Humphry.     A  Memoir  by  T.  H.  Ward.     7s.  6d. 
Saturday  Journal,  Cassell's.     Yearly  Volume.    6s. 
Science  for  All.     Edited  by  Dr.  Robert  Brown,  M.A.,    F.L.S.,  &c. 

With  1,500  Illustrations.     Five  Vols.     gs.  each. 
Sea,  The:   Its  Stirring  Story  of  Adventure,   Peril,  and  Heroism, 

By  F.  Whv.mper.     With  400  Illustrations.     Four  Vols.,  7s.  6d.  each. 
Sent  Back  by  the  Angels.     And  other  Ballads.     By  Frederick  Lang- 

ERiDGE,  M.A.     Cloth,  4s.  6d. 
Shaftesbury,  The  Earl  of,  K.G.,  The  Life  and  Work  of.     By  Edwim 

HoDDER.     With  Portraits.     Three  Vols. ,  36s. 
Shakspere,  The  Leopold.     With  400  Illustrations.     Cloth,  6s. 
Shakspere,    The    Royal.     With   Steel    Plates  and   Wood  Engravings. 

Three  Vols.     15s.  each. 
Shakespeare,   Cassell's   Quarto   Edition.     Edited    by   Charles   and 
Mary  Cowden  Clarke,  and  containing  about   600   Illustrations  by 
H.  C.  Selols.     Complete  in  Three  Vols.,  cloth  gilt,  £3  3s. 
Shakespeare's  Romeo  and  Juliet.     Edition  de  Luxe.     Illustrated  with 
Twelve  Superb  Photogravures  from  Original  Drawings  by  F.  Dicksee, 
A.R.A.     £5  5s. 
Shakespearean  Scenes  and  Characters.     With  30  Steel  Plates  and  10 

Wood  Engravings.     The  Text  written  by  Austin  Brereton.     21s. 
Sketching  from   Nature    in   Water   Colours.      By  Aaron    Penley. 

With  Illustrations  in  Chromo-Lithography.     15s. 
Skin   and  Hair,  The  Management  of  the.     By  Malcolm  Morris, 

F.R.C.S.    2S. 
Smith,  The  Adventures  and  Discourses  of  Captain  John.     By  John 

Ashton.     Illustrated.     5s. 
Sports  and  Pastimes,  Cassell's  Book  of.     With  more  than  800  Illus- 
trations and  Coloured   Frontispiece.      768  pages,      gs.      (Can  be  had 
separately  thus  :  Outdoor  Sports,  7s.  6d. ;  Indoor  Amusements,  3s.  6d.) 
Steam  Engine,  The  Theory  and  Action  of  the  :    for  Practical  Men. 

By  W.  H.  Northcott,  C.E.     3s.  6d. 
Stock  Exchange  Year-Book,  The.    By  Thomas  Skinner,    ios.  6d. 
Stones  of  London,  The.     By  E.  F.  Flower.     6d. 
"Stories  from   Cassell's."    A  Series  of  Seven  Books.     6d.  each ;  cloth 

lettered,  gd.  each. 
Sunlight  and  Shade.     With  numerous  Exquisite  Engravings.     7s.  6d. 
Surgery,  Memorials  of  the  Craft  of,  in  England.      With  an  Intro- 
duction by  Sir  Ja.mes  Paget.    2IS. 


Selections  from  Cassell  S;  Company's  Publications. 

Telegraph  Guide,  The.     Illustrated,     is. 

Thackeray,  Character  Sketches  from.     Six  New  and  Original  Draw- 
ings by  Frederick  Barnard,  reproduced  in  Photogravure.     2is. 
Trajan.     An  American  Novel.     By  H.  F.  Keenan.     7s.  6d. 
Transformations  of  Insects,    The.      By  Prof.  P.   Martin  Duncan, 

M.B.,  F.R.S.     With  240  Illustrations.    6s. 
Treasure  Island.     By  R.  L.  Stevenson.     Illustrated.    5s. 
Treatment,  The  Year-Book  of.     A  Critical  Review  for  Practitioners  of 

Medicine  and  Surgery.     5s. 
Trees,  Familiar.    First  Series.    By  G.  S.  Boulger,  F.L.S.,  F.G.S.    With 

40  full-page  Coloured  Plates,  from  Original  Paintings  by  W.  H.  J.  Boot. 

12S. 6d. 
Twenty    Photogravures   of  Pictures   in   the  Salon  of  1885,  by  the 

leading  French  Artists. 
"Unicode":   the  Universal  Telegraphic  Phrase  Book.    2s.  6d. 
United    States,    Cissell's    History   of  the.      By    Edmund    Ollier. 

With  600  Illustrations.     Three  Vols.     gs.  each. 
Universal  History,  Cassell's  Illustrated.     Four  Vols.     gs.  each. 
Vicar    of'  Wakefield    and    other  W^orks    by    Oliver     Goldsmith. 

Illustrated.     3s.  6d. 
Wealth  Creation.     By  Augustus  Mongredien.    5s, 
Westall,   W.,    Novels  by.     Popular  Editions.     Cloth,  2 s.  each. 
Ralph  Norbreck's  Trust. 
The  Old  Factory.  I  Red  Rwington. 

What  Gh-ls   Can   Do.     By  Phyllis  Browne.     2s.  6d. 
W^ild  Animals  and   Birds :    their   Haunts    and    Habits.      By  Dr. 

Andrew  Wilson.     Illustrated.     7s.  6d. 
Wild  Birds,  Familiar.     First  and  Second  Series.     By  W.  Swaysland. 

With  40  Coloured  Plates  in  each.     12s.  6d.  each. 
Wild   Flowers,   Familiar.     By  F.   E,  Hulme,    F.L.S.,  F.S.A.     Five 

Series.     With  40  Coloured  Plates  in  each.     12s.  6d.  each. 
Winter  in  India,  A.     By  the  Rt.  Hon.  W.  E.  Baxter,  M.P.     5s. 
Wise  Woman,   The.     By  George  Macdonald.    2s.  6d. 
Wood   Magic :    A  Fable.     By  Richard  Jefferies.     6s. 
World   of  the   Sea.     Translated  from  the  French  of  Moquin  Tandon, 

by  the  Very  Rev.  H.  Martyn  Hart,  M.A.     Illustrated.     Cloth.     6s. 
World   of  Wit   and  Humour,    The.     With  400    Illustrations.      Cloth, 

7s.  6d.  ;  cloth  gilt,  gilt  edges,  los.  6d. 
World   of  Wonders.     Two  Vols.     With  400  Illustrations.    7s.  6d.  each. 
Yule  Tide.     Cassell's  Christmas  Annual,  is. 

MAGAZINES.  ~ 

The   Quiver,  for  Sunday  Reading .     Monthly,  6d. 
CasseWs  Family  Magazine,    Monthly,  7d. 
"Little  Folks''   Magazine.     Monthly,  6d. 
The  Magazine  of  Art.     Monthly,  is. 
The  Zady's  World.     Monthly,  is. 
CasselVs  Saturday  Journal.     Weekly,  id.  ;  Monthly,  6d. 

Catalogues  of  Cassell  &  Company's  Publications,  which  may  be  had 
at  all   Booksellers',  or  will   be  sent   post   free   on   application   to  the 
publishers : — 
Cassell's  Complete  Catalogue,    containing   particulars  of  One 

Thousand  Volumes. 
Cassell's    Classified    Catalogue,    in    which    their    Works    are 
arranged   according    to    price,    from     Threepence    to  Twetity-Jivt 
Guineas. 
Cassell's    Educational    Catalogue,    containing    particulars    of 
Cassell  &  Company's  Educational  Works  and  Students'  Manuals. 
CASSELL  &  COMPANY,  Limited.  Lud^nte  Hill,  London. 


Selections  from  Cassell  ^  Company's  Piiblications. 

gtliks  antr  ilelirti0ua  UTorha.       ^ 

Bible,  The  Crown  Illustrated.     With  about  i,ooo  Original  Illustrations. 
With  References,  S:c.     1,248  pages,  crown  4to,  cioth,  7s.  6d. 

Bible,  Cassell's  Illustrated  Family.     With  900  Illustrations.     Leather, 

gilt  edges,  £2  los. 
Bible  Dictionary,  Cassell's.    With  nearly  600  Illustrations.     7s.  6d. 

Bible  Educator,  The.   Edited  by  the  Very  Rev.  Dean  Plumptre,  D.D., 
Wells.     With  Illustrations,  Maps,  &;c.      Foiu:  Vols.,  cloth,  6s.  each. 

Bible  Work  at  Home  and  Abroad.     Volume.     Illustrated.     3s. 

Bunyan's    Pilgrim's    Progress  (Cassell's  Illustrated).     Demy  4to. 

Illustrated  throughout.     7s.  6d. 
Bunyan's  Pilgrim's  Progress.    With  Illustrations.     Cloth,  3s.  6d. 
Child's  Life  of  Christ,  The.     With  s-do  Illustrations.     21s. 
Child's  Bible,  The.     With  200  Illustrations.     i43»*^  Thousand.     7s.  6d. 

Church  at  Home,  The.     A  Series  of  Short  Sermons.     Ey  the  Rt.  Rev. 
RowL-EV  Hill,  D.D.,  Bishop  of  Sodor  and  Man.     5s. 

Day-Dawn  in  Dark  Places  ;  or,  Wanderings  and  Work  in  Bech« 
wanaland.     By  the  Rev.  Jchn  Mackenzie.     Illustrated.     3s.  6d. 

Dore   Bible.     With  230  Illustrations  by  Gustave  Dor6.    Cloth,  £2  los. 

Early  Days  of  Christianity,  The.     By  the  Ven.  Archdeacon  Farrar. 
D.D.,  F.R.S. 

Library  Edition.     Two  Vols.,  24s.  ;  morocco,  £2  2s. 
Popular  Edition.     Complete  in  One  Volume,  cloth,  6s. ;  cloth,  gilt 
edges,  7s.  6d. ;  Persian  morocco,  los.  6d.  ;  tree-calf,  15s. 
Family  Prayer-Book,  The,     Edited  by  Rev.  Canon  Garbett.  M.A., 

and  Rev.  S.  Martin.     Extra  crown  4to,  cloth,  5s.  ;  morocco,  i8s. 
Geikie,  Cunningham,  D.D.,  Works  by: — 
Hours  with  the  Bible.     Six  Vols.,  6s.  each. 
Entering  on  Life.     3s.  6d. 
The  Precious  Promises.  2s.  6d. 
The  English  Reformation.    5s. 
Old  Testament  Characters.    6s. 

The  Life  and  Words  of  Christ.    Two  Vols.,  cloth,  30s.    Students* 
Edition.     Two  Vols.,  i5s. 
Glories  of  the  Man  of  Sorrows,  The.    Ey  Rev.  H.  G.  Bonavia  Hunt, 
F.R.S.,  Ed. :  Evening  preacher  at  St.  James's,  Piccadilly.     2S.  6d. 

Gospel  of  Grace,  The.    By  a  Lindesie,     Cloth,  3s.  6d. 

••  Heart  Chords."     A  Series  of  Works  by  Eminent  Divines.     Bound  in 
cloth,  red  edges,  One  Shilling  each. 


My  Father. 
My  Bible. 
My  Work  for  God. 
My  Object  in  Life. 


My  Aspirations. 

My  Emotional  Life. 

My  Body. 

My  Soul. 

My  Growth  in  Divine  Life. 


My  Hereafter. 
My  Walk  with  Gcd. 
My  Aids  to  the  Di\ine  Life. 
Mj'  Sources  of  Strength. 


Helps  to  Belief.  A  Series  of  Helpful  Manuals  on  the  Religious 
DifEculties  of  the  Day.  Edited  by  the  Rev.  Teign.mouth  Shore,  M.A., 
Chaplain-in-Ordinary  to  the  Queen.     Cloth,  is.  each. 

Miracles.      By  the    Rev.    Brownlow 

Maitland,  M.A. 
Prayer.     By  the  Rev.  T.  Teignmouth 

Shore,  M.A. 
The    Resurrection.     By  the  Lord 

Archbishop  of  York. 
The  atonement.   By  the  Lord  Bishop 

of  Peterborough. 


Creation,      By   the    Lord    Bishop  of 

Carlisle. 
The   Divinity  of   Our   Lord.    By 

the  Lord  Bishop  of  Derry. 

THE  Morality  of  the  Old  Testa- 
ment. By  the  Rev.  Newman 
Smyth,  D.D. 
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StUctions  from  Cassell  ^  Company's  Publications. 

Life  of  Christ,  The.     By  tbe  Ven.  Archdeacon  Farrar,  D.D.,  F.R.S. 
Illvstratkd     Edition,  with    about    300    Original     Illustrations. 

Extra  crown  4to,  cloth,  gilt  edges,  21s.  ;   morocco  antique,  42s. 
Library  Edition.    Two  Vols.     Cloth,  24s. ;  morocco,  42s. 
Bijou  Edition.     Five  Volximes,  in  box,  los.  6d.  the  set. 
PopcXAR  Edition,  in  One  Vol.     8vo,  cloth,  6s.  ;  cloth,  gilt  edges, 
7s.  6d. ;  Persian  morocco,  gilt  edges,  los.  6d.  ;  tree-calf,  15s. 
Marriage  Ring,  The.    By  Williai.1  Landels,  D.D.     Bound  in  white 
leatherette,  gilt  edges,  in  box,  6s.  ;  morocco,  8s.  6d. 

Moses  and  Geology ;  or,  The  Harmony  of  the  Bible  with  Science. 
By  Sai/.l-el  Kixns,  Ph.D.,  F.R.A.S.    Illustrated.    Cheap  Edit. on,  6s. 
Music  of  the  Bible,  The.     By  J.  Stainer,  M.A.,  Mus.  Doc     2s.  6d. 

Ne%v  Testament  Comm.entary  for  English  Readers,  The.     Edited 
by  the  Rt.  Rev.  C  J.   Ellicott,  D.D.,  Lord  Bishop  of  Gloucester 
and  Bristol.     In  Three  V^olumes,  2is.  each. 
Vol.  I. — llie  Fouj  Gospels. 

VoL  II. — The  Acts,  Romans,  Corinthians,  Galatians. 
VoL  III. — The  remaining  Books  of  the  New  Testament. 

Old  Testament  Commentary  for  English  Readers,  The.  Edited 
by  the  Right  Rev.  C  J.  Ellicott,  D.D.,  Lord  Bishop  of  Gloucester 
and  BristoL     Complete  in  5  Vols.,  2is.  each. 


Vol.  I. — Genesis  to  Numbers. 
Vol.  II.  —  Deuten»omy  to 

Samuel  II. 


Vol.  III.— Kings  I.  to  Esther. 

Vol.  IV. — Job  to  Isaiah. 

Vol.  V.  —Jeremiah  to  Malachi. 


Patriarchs,  The.     By  the  late  Rev,  W.  Hanna,  D.D.,  and  the  Ven. 

Archdeacon  NoRSis,  B.D.     2S.  6d. 
Protestantism,  The  History  of.      By  the  Rev.  J.  A-  Wylie,  LL.D. 

Containing  upwards  of  600  Original  Illustrations.     Three  Vols.,  27s. 

Quiver  Yearly  Volume,  The.     250  high-class  Illustrations.     7s.  6d. 

Revised  Version — Commentary  on  the  Revised  Version  of  the  New 
Testament.     By  the  Rev.  W.  G.  Humphry,  B.D.     7s.  6d. 

Sacred  Poems,  The  Book  of.    Edited  by  the  Rev.  Canon  Bavnes,  M.A 
With  Illustrations.     Cloth,  gilt  edges,  5s. 

St.  George  for  England  ;  and  other  Sermons  preached  to  Children.     By 

ihe  Rev.  T.  Teignmouth  Shore,  M.A.    5s. 
St.   Paul,  The  Life  and  Work  of.     By  the  Ven.  Archdeacon  Fakrar, 
D.D.,  F.ILS.,  Chaplain-in-Ordinary  to  the  Queen. 

Library  Edition.    Two  Vols.,  cloth,  24s. ;  morocco,  42s. 
Illustrated  Edition,  complete  in  One  Volume,  with  about  300 

Illustrations,  ;^i  is.  ;  morocco,  £,1  2S. 
Popular  Edition.    One  Volume,  8vo,  cloth,  6s. ;  cloth,  gilt  edges, 
7s.  6d.  ;  Persian  morocco,  los.  6d.  ;  tree- calf,  15s. 
Secular  Life,  The  Gospel  of  the.      Sermons  preached  at  Oxford.      By 

the  Hon.  W.  H.  Fremantle,  Canon  of  Canterbury.     5s. 
Sermons    Preached   at   V/estminster   Abbey.     By  Alfred  Barrt, 
D.D.,  D.C.L.,  Primate  of  Australia.     5s. 

Shall  "We  Know  One  Another .'    By  the  Rt.  Rev.  J.  C.  Ri-le,  D.D. 

Bishop  of  LiverpooL     Nrw  and  Enlarged  Edition.     Cloth  limp,  is. 
Simon  Peter:  His  Life,  Times,  and  Friends.    By  E.  Hodder.    5s. 

Twilight  of  Life,  The.    Words   of  Counsel  and  Comfort  for  the 
Aged.     Ey  the  Rev.  John  Ellerton,  M.A.     is.  6d. 

Voice  of  Time,  The.     By  John  Stroud.     Qoth  gilt,  is. 


SeUctions  from  Cassell  f  Company's  Publications. 

(Btmraii0ttal  Morks  anti  ^tui^cnts'  ^Itanuals* 

Alphabet,  Cassell's  Pictorial.    3s.  6d. 

Algebra,  The  Elements  of.     By  Prof.  Wallace,  M.A.     is. 

Arithmetics,  The  Modern  School.      By  George  Ricks,  B.Sc.  Lend. 

With  Test  Cards.     i^List  on  application.') 
Book-Keeping.     By  Theodore  Jones.     For  Schools,  2s. ;   cloth,  3s. 

For  the  Million,  2S.  ;  cloth,  3s.     Books  for  Jones's  System.     2s. 
Chemistry,  The  Public  School.    By  J.  H.  Anderson',  M.A.    as.  6d. 
Commentary,  The   New  Testament.     Edited  by  the  Lord  Bishop  of 

Gloucester  and  Bristol.     Handy  Volume  Edition. 

St.  Matthew,  3s.  6d.     St.   Mark,  3s.     St.   Luke,  3s.  6d.     St.  John, 

3s.  6d.  The  Acts  of  the  Apostles,  3s.  6d.  Romans,  2S.  6d.    Corinthians 

I.  and  n.,3S.     Galatians,  Ephesians,  and  Philippians,  3s.     Colossians, 

Thessalonians,    and   Timothy,    3s.      Titus,    Philemon,    Hebrews,    and 

James,   3s.     Peter,    Jude,    and  John,   3s.      The   Revelation,  3s.      An 

Introduction  to  the  New  Testament,  3s.  6d. 
Commentary,  Old  Testament.     Edited  by  Bishop  Ellicott.     Handy 

Volume    Edition.      Genesis,    3s.    6d.        Exodus,   3s.      Leviticus,    3s. 

Numbers,   2S.   6d.     Deuteronomy,  2S.  6d. 
Copy-Books,  Cassell's  Graduated.    Eighteen  Books.    2d.  each. 
Copy-Books,  The  Modern  School.     Tiveh't  Books.     2d.  each. 
Draw.'ing  Books,  Cassell's  New  Standard.     7  Books.     2d.  each. 
Drawing  Books,   Superior.     4  Books.     Price  5s.  each. 
Drawing  Copies,  Cassell's  Modem  School  Freehand.     First  Grade, 

IS.  ;  Second  Grade,  2S. 
Drawing  Copies,  Cassell's  New  Standard,     Seven  Books.    2d.  each. 
Electricity,  Practical.     By  Prof  W.  E.  Ayrton.     Illustrated.    5s. 
Energy  and   Motion :     A   Text-Book  of   Elementary    Mechahics« 

By  William  Paice,  M.A.     Illustrated,     is.  6d. 
English   Literature,    First   Sketch   of.     New  and  Enlarged  Edition. 

By  Prof.  Morley.     7s.  6d. 
Euclid,  Cassell's.     Edited  by  Prof.  Wallace,  M.A.     is. 
Euclid,  The  First  Four  Books  of.     In  paper,  6d.  ;  cloth,  gd. 
French    Reader,     Cassell's     Public     School.      By    Guillaume    S* 

Conrad.    2s.  6d. 
French,  Cassell's  Lessons  in.     New  and  Revised  Edition.     Parts   L 

and  II.,  each  2S.  6d.  ;  complete,  4s.  5d.     Key,  is.  6d. 
French-English   and   English-French    Dictionary.      Entirely  New 

UTid  Enlarged  Edition.     1,150  pages,  8vo,  cloth,  3s.  6d. 
Galbraith  and  Haughton's  Scientific  Manuals.     By  the  Rev.    Prof. 

Galbraith,  M.A.,  and  the  Rev.  Prof.  Haughton,  M.D.,  D.C.L. 

Arithmetic,   3s.   6d. — Plane  Trigonometry,  2S.  6d. — Euclid,  Books  I., 

II.,  III.,  2s.  6d.— Books  IV.,  V.,  VI.,  2S.  6d.— Mathematical  Tables, 

3s.  6d. — Mechanics,  3s.  6d.  — Optics,  2S.  6d. — Hydrostatics,  3s.  6d. — 

Astronomy,  5s. — Steam  Engine,  3s.  6d. — Algebra,  Part  I.,  cloth,  2s.  6d. ; 

Complete,  7s.  6d. — Tides  and  Tidal  Currents,  with  Tidal  Cards,  3s. 
German-English  and  English-German  Dictionary.     Entirely  New 

and  Revised  Edition.     3s.  6d. 
German  Reading,  First  Lessons  in.     By  A.  Jagst.     Illustrated.     is« 
German  of  To-day.     By  Dr.  Heinemann.     is.  6d. 
Handbook  of  New  Code  of  Regulations.     By  John  F.  Moss.     is. 
Historical  Course  for  Schools,  Cassell's.     Illustrated  throughout. 

I. — Stories   from   English   History,    is.     II. — The   Simple   Outline  of 

English  History,  is.  3d.     III.— The  Class  History  of  England.  2s.  6d. 


Selections  from  Cassell  Sc  Company s  Publications. 

Latin- English  and  English-Latin  Dictionary.  By  J.  R.  Beard, 
D.D.,  and  C.  Beard,  B.A.     Crown  8vo,  914  pp.,  3s.  6d. 

Little  Folks'  History  of  England.  By  Isa  Craig-Knox.  With  30 
Illustrations,     is.  6d. 

Making  of  the  Home,  The  :  A  Book  of  Domestic  Economy  for  School 
and  Home  Use.     By  Mrs.  Samuel  A.  Baknett.     is.  6d. 

Marlborough  Books : — Arithmetic  Examples,  3s.  Arithmetic  Rules, 
IS.  6d.  French  Exercises,  3s.  6d.  French  Grammar,  2s.  6d.  German 
Grammar,  3s.  6d. 

Music,  An  Elementary  Manual  of.     By  Henry  Leslie,     is. 

Natural  Philosophy.    By  Prof.  Halghton,  F.R.S.    Illustrated.    3s.  6d. 

Popular  Educator,  Cassell's.      NrM  arid  Thoroi^ghly  Rci-ised  Edition. 
'  Illustrated  throughout.     Complete  in  Six  Vols.,  5s.  each. 

Physical  Science,  Intermediate  Text-Book  of.  By  F.  H.  Bowman, 
D.Sc,  F.R.A.S.,  F.L.S.     Illustrated.     3s.  6d. 

Readers,  Cassell's  Readable.  Carefully  graduated,  extremely  in* 
teresting.  and  illustrated  throughout.     {List  on  application.) 

Readers,  Cassell's  Historical.  Illustrated  throughout,  printed  on 
superior  paper,  and  strongly  bound  in  cloth.     (List  on  application.) 

Readers  for  Infant  Schools,  Coloured.  Three  Books.  Each  con- 
taining 4S  pages,  including  8  pages  in  colours.     4d,  each. 

Reader,  The  Citizen.  Bv  H.  O.  Arnold-Forster,  with  Preface  by  the 
late  Right  Hon.  W.  E.  Forster,  M.P.     is.  ed. 

Readers,  The  Modern  Geographical,  illustrated  throughout,  and 
strongly  bound  in  cloth.     (_List  on  application.) 

Readers,  The   Modem    School.     Illustrated.     {List  on  application.) 

Reading  and  Spelling  Book,  Cassell's  Illustrated,     is. 

Right  Lines  ;    or,   Form  and  Colour.     With  Illustrations,     is. 

School  Bank  Manual.       By  Agnes  L.ambert.     Price  6d. 

School   Manager's   Manual.     By  F.  C.  Mills,  M.A.     is. 

Shakspere's  Plays  for  School  Use.     5  Books.     Illustrated,  6d.  each. 

Shakspere  Reading  Book,  The.  Bj*  H.  Courthope  Eowen,  M.A. 
Illustrated.      3s.  6d.     Also  issued  in  Three  Books,  is.  each. 

Spelling,  A  Complete  Manual  of.     By  J.  D.  Morell,  LL.D.     is. 

Technical   Manuals,  Cassell's.      Illustrated  throughout : — 

Handrailing  and  Staircasing,  3s.  6d. — Bricklaj-ers,  Drawing  for,  3s.— 
Building  Construction,  2s.— Cabinet-Makers,  Drawing  for,  3s. — Car- 
penters and  Joiners,  Drawing  for,  3s.  6d. — Gothic  Stonework,  3s. 
— Linear  Drawing  and  Practical  Geometry,  2s. — Linear  Dra^v1^g  and 
Projection.  The  Two  Vols,  in  One,  3s.  6d. — Machinists  and  Engineers, 
Drawing  for,  4s.  6d. — Metal-Plate  Workers,  Drawing  for,  3s. — Model 
Drawing,  3s. — Orthographical  and  Isometrical  Projection,  2S. — Practical 
Perspective,  3s. — Stonemasons,  Drawing  for,  3s. — Applied  Mechanics, 
by  Sir  R.  S.  Ball,  LL.D.,  2s. — Sj'stematic  Drawing  and  Shadii>g,  2S. 

Technical  Educator,  Cassell's.  Four  Vols.  6s.  each.  XeivandCheap 
Edition,  in  Four  Vois.,  5s.  each. 

Technology,  Manuals  of.  Edited  by  Prof.  Ayrton,  F.R.S.,  and 
Richard  Wqrmell,  D.Sc,  M.A.  Illustrated  throughout  : — 
The  Dyeing  of  Textile  Fabrics,  by  Prof  Hummel,  5s. — Watch  and 
Clock  Alaking,  by  D.  Glasgow,  4s.  6d, — Steel  and  Iron,  by  W.  H. 
Greenwood,  F.C.S.,  Assoc.  M.I.C.E.,  &c.,  5s. — Spinning  Woollen  and 
Worsted,  by  W.  S.  Bright  McLaren,  4s.  6d. — Design  in  Textile 
Fabrics,  by  T.  R.  Ashenhurst,  4s.  6d. — Practical  Mechanics,  by  Prof. 
Perry,  M.E.,  3s.  6d. — Cutting  Tools  Worked  by  Hand  and  Machine, 
by  Prof.  Smith,  3s.  6d. — Practical  Electricity,  by  Prof.  W.  E.  Ayrton, 
Other  Volumes  in  preparation.  A  Prospectus  sent  post  free  OH 
application. 

CASSELL  &  COMPANY,  Limited.  Lud^ate  Hill,  London, 


Selections  from  Cassell  ^  Company's  Puili cations.; 


gnoks  fnr  ^otin^   l^gnpk. 


Books  for  Young  People.     Illustrated.     Cloth  gilt,  5s.  each. 


Under  Bayard's  banner.  By 
Henry  Frith. 

The  King's  Comrnand:  A  Story 
for  Girls.  By  Mai?gie  Symington. 

Per  Fortune  and  Glory  :  a  Story 
ol  the  Soudan  War.  By  Lewis 
Hough. 

The  Tales  of  the  Sixty  Man- 
darins. By  P.  V.  Ramaswami 
Raju.  With  an  Introduction  by 
Prof.  Henry  Morley. 


'    o",   the 
By   Ta'ibot 


"  rollow    My    Leader ; 

Boys   of  Templeton. 

Baines  Reed. 
The    Romance    of   Invention.      By 

James  Burnley. 
The  Champion  of  Odin  :   or.  Viking 

Life  in  the  Days  of  Old.     By  J. 

Fred.  Hodafetts. 
Bound  by  a'Spell :   or,  the  Hunted 

"Witch    of  the    Forest.     By   the 

Hon.  Mrs.  Greene. 


Books  for  Young  People.     Illustrated.     Price  3s.  6d.  each. 


A  World  of  Girls  :  TTie  Story  of 
a  SaliOO  .     By  L.  T.  Meade. 

Los  I  among  "White  Africans: 
A  Boy's  Adventures  on  the 
"Upper  Congo.     By  David  Ker. 

Freeaom's  Sword:  A  Story  of 
the  Days  of  "Wallace  and 
Bruce.     By  Annie  S.  Swan. 


On   Board   the    "Esmeralda:"    or, 

Martin  Leigh's  J-.og.     By  John  C. 

Hutcheson. 
In  Quest  of  Gold:    or.  Under  the 

"Whanga    Falls.      By    Alfred    bt. 

Johnston. 
For  Queen  and  King :  or,  the  Loyal 

'Prentice.    By  Henry  Frith. 


Perils  Afloat  and  Brigands  Ashore.    By  Alfred  Elwes. 

The  "Cross  and  Crown"  Series.  Consisting  of  Stories  founded  on 
incidents  which  occurred  during  Religious  Persecutions  of  Past 
Days.  With  Illustrations  in  each  Book,  printed  on  a  tint.  2s.  6d. 
each. 

Ey  Fire  and  Sword:  A  Story  of 
the  Huguenots.  By  Thomas 
Archer. 
Adam  Hepburn's  "V"ow:  A  Tale  of 
Kirk  and  Covenant.  By  Annie 
S.  Swan. 
No.  XIII. ;  or.  The  Story  of  the 
Lost  "Vestal.  A  Tale  of  Early 
Christian  Days.  By  Emma  Mar- 
shall. 


Strong  to  Suffer:  A  Story  of 
the  Jews.    By  E.  Wynne. 

Heroes  of  the  Indian  Empire ; 
or.  Stories  of  "Valour  and 
"Victory.    By  Ernest  Foster. 

In  Letters  of  Flame :  A  Story 
of  the  "Waldenses.  By  C.  L. 
Mateaux. 

Through  Trial  to  Triiiinph.  By 
Madeline  B.  Hunt. 


The  "Great  River"  Series  (uniform  with  the  "Log  Cabin'  Series). 
By  Edward  S.  Ellis.  Illustrated.  Crown  8vo,  cloth,  bevelled 
boards,  2s.  6d.  each. 

Down  the  Mississippi.  |  Lost  in  the  "Wilds. 

Up  the  Tapajos;  or.  Adventures  in  Brazil. 

The  "  Boy  Pioneer"  Series.     By  Edward  S.  Ellis.     With  Four  Full- 
page  Illustrations  in  each  Book.     Crown  8vo,  cloth,  2s.  6d.  each. 
Ned  in  the  "Woods.    A  Tale   of    I    Ned  on  the  River.    A  Tale  of  Indian 
Early  Days  in  the  West.  |  River  War;'are. 

Ned  in  the  Block  House.    A  Story  of  Pioneer  Life  in  Kentucky. 

The    "Log  Cabin"  Series.     By  Edward  S.Ellis.     With  Four  Full- 
page  Illustrations  in  each.     Crown  8vo,  cloth,  2s.  6d.  each. 
The  Lost  Trail.  |  Camp-Fire  and  "Wigwam.  |  Footprints  in  the  Forest. 


"Golden  Mottoes"  Series,  The.    Each  Book  containing  208  pages,  with 
Four  full-page  Original  Illustrations.    Crown  8vo,  cloth  gilt,  2s.  each. 

By    the 


'  Nil    Desperandum.'' 
Rev.  F.  Langbridge. 

'Bear  and  Forbear."    By  Sarah 

Pitt. 
'Foremost  if  I  Can."    By  Helen 

Atteridg^e. 


Honour  is  my  Guide."     By  Jeanie 

Henng  (Mrs.  Adams-Acton). 
Aim  at  the  Sure  End."    By  Emilie 

Searchfield. 
He  Conquers  who  Endures."    By 

the  Author  of  "  May  Cunningham's 

Trial,"  &c. 


Selections  from  Cassell  ^  Company  s  Publicahons, 


Sunday   School   Reward   Books, 

Original  Illustrations  in  each. 
Khoda's    Reward;    or,    "If 

Wislies  were  Horses." 
Jack  Marston's  Anchor. 
Frank's    Life-Battle ;    or,    Tlie 

Tliree  Friends. 


By  Popular  Authors.      With  Four 
Cloth  gill,  IS.  6d.  each. 

Hags   and   Bainbows:    a  Story  of 

Thanks^ving. 
I    Uncle  "Williain's  Charges ;  or.  The 

Broken  Trust. 
'    Pretty   Pink's   Purpose;    or,   Tlie 
'  Little  Street  Merchants. 


The    New    Children's    Album.       Fcap.    410,   320  pages.       Illustrated 

throughout.     3s.  6d. 
The  History  Scrap  Book.  With  nearly  1,000 Engra%'ings.  5s. ;  cloth, 7S.6d. 

"Little  Folks"  Half -Yearly  Volume.  With  200  Illustrations 
and  several  Pictures  in  Colour.     3s.  6d. ;  or  cloth  gilt,  5s. 

The    Merry-go-Round.       Original    Poems    for  Children.       Illustrated 

throughout.  5s. 
Bo-Peep.     A  Book  for  the  Little  Ones.     With  Original  Stories  and  Verses, 

Illustrated  throughout.     Boards,  2s.  6d.  ;  cloth  gilt,  3s.  6d. 

The  World's  Lumber  Room.     By  Selina  G.\ye.    Illustrated.    3s.  6d. 

The  "  Proverbs  "  Series.  Original  Stories  by  Popular  Authors,  founded 
on  and  illustrating  well-known  Proverbs.  With  Four  Illustrations 
in  each  Book,  printed  on  a  tint.     is.  6d.  each. 


Fritters.    By  Sarah  Piit. 

Trixy.     Bv  Maggie  Symington. 

The  Two  'Kardcastles.  By  Made- 
line Bcnaria  Hunt. 

Major  Monk's  Motto.  By  the 
Rer.  F.  Langlwidge. 


Tim   Thomson's    TriaL    By  George 

Weatheriv. 
Ursulas  Stumbling-Block.    ByJuHa 

Goddard. 
Bntli's    Life-"Work.     By  the  Rer. 

J  osei^i  Johnson. 


The    World's    W^orkers.      A    Series   of  New  and   Original    Volames. 
With  Portraits  printed  on  a  tint  as   Frontispiece,     is.  each. 


General    Gordon.     By   the   Rev. 

S.  A.  Swair:e. 
Charles   Dickens.     By  his  Eldest 

Daug^hter. 

Sir  Titus  Salt  and  George 
3uOore.     By  1.  Bumley. 

Florence  KigHtingale,  Ca'iier- 
ine  Marsh,  Frances  Bidley 
Havergal,  Mrs.  Banyard 
r-  L.N.R."  .    By  Lizzie  .\:dr;d^e. 

Dr.  Gntlirie,  Father  Wath.e"w, 
Elihu  Burritt,  George  Live- 
sey.     By  the  Rev.  J.  W.  Kirton. 

David  Livingstone.  By  Robert 
Siniles. 


Sir  Henry  Havelock  and  Colin 
Campbell,  Lord  Clyde.  Bv  E.  C 
Phillips. 

Abraham  Lincoln.    By  Ernest  Foster. 

George  Mnlier  and  Andrew  Beed. 

By  E.  R.  Pirman. 
Eiehard  Cobden.    By  R.  Gowiag. 
Benjamin  Franklin.    By  E.  M. 

Tomldnson. 
TTandeL    By  Eliza  Clarke. 
Turner,  the  Artist.    By  the  Rev.  S.  A. 

Swaine. 
George  and   Bobert    Stephenson. 

By  C  L.  Mat&ux. 


The  *'  Chimes  "  Series.     Each  containing  64  pages,  with  Illustrations 
on  everv-  page,  and  boimd  in  Japanese  morocco,  is. 
Bible  Chimes.  I  Holy  Chimes. 

Daily  Chimes.  I  Old  World  Chimes. 

Sixpenny    Story    Books.      All   Illustrated,   and  containing  Interesting 
Stories  bv  well-known  Writers. 


Little  Content. 

The  Smuggler's  Cave. 

Little  Lizzie. 

Little  Bird- 

The  Boot  on  the  "Wrong  Foot. 

Luke  Bamicott. 

Little  Pickles. 

The  Boat  Club.    By  Oliver  Optic 


Helpful    Nellie:     and   oth.er 

Stories. 
The  Elehester  College  Boys. 
My  First  Cruise. 
Lottie's  Wliite  Frock- 
Only  Just  Once. 
The  Little  Peacemaker. 
The  Delft  Jug.    By  Siiverpen. 


The    "Baby's   Album"    Series.     Four  Books,  each  containing  abooft 
50  Illustrations.     Price  6d.  each;  or  cloth  gilt,  is.  each. 
Baby's  Album-  I  Fairy's  Album. 

Dolly's  Albxim.  |  Pos^^  Album 


Selections  from  Cassell  ^  Company's  Publications. 


Illustrated  Books  for  the  Little  Ones. 
All  Illustrated,     zs.  each. 


Containing  interesting  Stories. 


Indoors  and  Out. 

Some  Farm  Friends. 

Those  Golden  Sands. 

Little  Mothers  &  their  Children. 


Our  Pretty  Pets. 
Our  Schoolday  Hours. 
Creatures  Tame. 
Creatures  Wild, 


Shilling  Story  Books.     All  Illustrated,  and  containing  Interesting  Stories. 
Thorns  and  Tangles. 
The  Cuckoo  in  the  Bobin's  Nest. 
John's  Mistake. 
The    History    of    Five    Little 

Pitchers. 
Piamonds  in  the  Sand. 
Burly  Bob. 
The  Giant's  Cradle. 


Shag  and  Doll. 
Aunt  Lucia's  Locket. 
The  Magic  Mirror. 
The  Cost  of  Revenge. 
Clever  Frank. 
Among  the  Redskins. 
The  Ferryman  of  Brill. 
Harry  MajoveU. 
A  Banished  Monarch. 


"  ^'"flfr  XyI^^  PnT^'^S"^  •^°°^"-     ^^^'^^  Text,  and  Outline  Illustrations 
tor  VVater-Colour  Paintmg.     is.  each. 

Fruits      and       Blossoms       for 

Little  Folks"  to  Paint. 
The    "Little    Folks"    Proverb 

Painting  Book. 
The  "Little  Folks"  niuminat- 

ing  Book. 

Eighteenpenny  Story  Books.    All 

Three  Wee  in  star  Lassies. 

Little  Queen  Mab. 

Up  the  Ladder. 

Dick's  Hero ;  and  other  Stories 

I'he  Chig  Boy. 

Haggles      Baggies,     and     the 

EEiperor. 
Roses  from  Thorns, 
i  aith's  Pather. 


Pictures  to  Paint. 

"Little  Folks"  Painting  Book 

"Little    Folks"   Nature   Paintine 

Book. 
Another  "Little  Polks"  Paintine 

Book. 

Illustrated  throughout. 
By  Land  and  Sea. 
The  Young  Berringtons. 
JeflF  and  Leff. 
Tom  Morris's  Error. 
Worth  more  than  Gold. 
Through  Flood— Throutrh  Fire  •  ' 
and  other  Stories. 
The  Girl  with  the  Golden  Locks. 
Stones  of  the  Olden  Time. 


The  "Cosy  Corner"  Series.      Storv  Books  for  Children       Each   con 
tammg  nearly  One  Hundred  Pictures,     is.  6d.  each.    ■^^''^^°" 

Little  Talks  with  Little  People. 
Bright  Rays  for  Dull  Days. 
Chats  for  Small  Chatterers 


See-Saw  Stories. 

Little  Chimes  for  All  Times. 

Wee  Willie  Winkie. 

Pet's    Posy    of    Pictures    and 

Stones. 
Dot's  Story  Book. 
Story  Flowers  for  Rainy  Hours. 


Pictures  for  Happy  Hours. 

Lif^^  Downs    of   a    Donkey's 


The   "World  in   Pictures." 


A  Ramble  Round  France, 

All  the  Russias. 

Chats  about  Germany. 

The    Land     of    the    Pyramids 

(Egypt). 
Peeps  into  China. 


Illustrated   throughout.     2s.  6d.  each. 
The  Eastern  Wonderland  (Japan). 
Glimpses  of  South  America. 
Round  Africa. 


The  Land  of  Temples  (India), 
ahe  Isles  of  the  Paeiflc. 


Two-Shilling  Story  Books.     All  Illustrated. 

The  Four  Cats  of  the  Tippertons. 
Marion's  Two  Homes. 
How         Little  Folks'  Sunday  Book. 
Two  Fourpenny  Bits. 
Poor  Nelly. 
Tom  Heriot. 

Through  Peril  to  Fortune. 
Aunt  Tabitha's  Waifs. 
In  Mischief  Again. 


Stories  of  the  Tower. 
Mr.  Burke's  Nieces. 
May  Cunningham's  Trial 
The  Top  of  the  Ladder : 

to  Reach  it. 
Little  Flotsam. 
Madge  and  her  Friends. 
The  Children  of  the  Court. 
A  Moonbeam  Tangle. 
Maid  Marjory. 


SeUctions  from  Cassell  <fc  Company's  Publications, 


Half-Crown  Story  Books. 

Little  Hinges. 
Margaret's  Enemy. 
Pen's  -rerplexities. 
Notable  Snipwreeks. 
GkJlden  Da:rs. 

TRTor-ders  of  Cormnon  Things. 
liittle  Empress  Joan. 
Trutli  will  Out. 


At  the  South  Pole.  Cheaf  Edition. 
Soldier  and  Patriot  (George  Wash* 

ington).  [hood. 

Picture  of  School  Iiife    and   Boy* 
The  Toung  Man  in  the  Battle  of 

Life.    By  the  Rev.  Dr.  Landels. 
The  True  Glory  o;  Woman.    Bj-  the 

Rev.  Dr.  Landels. 


Library  of  Wonders.     Illustrated  Gift-books  for  Bo3rs.    2s.  6d.  each. 


^"onderful  Adventures. 
■Wonders  of  Animal  Instinct. 
VSTonders  of  Architecture. 
Wonders  of  Acoustics. 


Wonders  of  Water. 
Wonderful  Escapes. 
Bodily  Strength  and  SkilL 
Wonderful  Balloon  Ascents. 


Gift-Books  for  Children.     With  Coloured  Illustrations.    2S.  6d.  each. 


The  Story  of  Kobin  Hood. 
Playing  Trades. 


Heynard  the  Fox. 

The  Pilgrim's  Progress. 


Three  and   Sixpenny   Librarj'  of  Standard  Tales,  &c. 
trated  and  bound  in  cloth  gilt.     Crown  £vo.    3s.  6d.  each- 


All  IlluS' 


Jane  Austen  and  her  Works. 

Mission  Life  in  Greece  and 
Palestine. 

The  Dingy  House  at  Kensing- 
ton. 

The  Komance  of  Trade. 

The  Three  Homes. 

My  Gxiardian- 

School  Girls. 


Deepdale  Vicarage. 

In  Dutv  Bound. 

The  Half  Sisters. 

Peggv  Oglivie's  Inheritance. 

The  Family  Honour. 

Esther  West. 

Working  to  Win. 

Krilof  and  his  Fables.    By  W.  R.  S, 

RaL^rcr.,  M.A. 
Fairy  Tales.    By  Prot  Morley. 


The    Home    Chat    Series.      All    Illustrated    throughout. 
Boards,  3s.  5d.  each.     Cloth,  gilt  edges,  5s.  each. 


Fcap.    4tOi 


Half-Hours    with    Early     Ex- 
plorers. 
Stories  about  Animals. 
Stones  about  Birds. 
Paw^  and  Cla-wrs. 

Books  for  the  Little  Ones. 

The     Little    Doings     of    some 

Little  Folks.  By  Chartj-  Cheer* 

fuL     Iliustrated.     5s. 
The  Sunday  Scrap  Book.    With 

One  Thousar.d  Scripture  Pictures. 

Boards,  5s. :  cloth.  7s.  6d. 
Daisy    Dimple's    Scrap    Book. 

Containing  about  i.ooc  Pictures. 

Boards,  5s.;  doth  gilt,  78. 6d- 

Books  for  Boys. 

Kidnapped-  By  R.  L.  Stevenson.  5s. 

King  Solomon's  Mines.  By  H. 
Rider  Hag^g-.rd.     5s. 

The  Phantom  City.  By  "W.  Wes- 
TALL.     5s. 

Treasure  Island.  By  R_  L.  Ste- 
venson.    Illustrated.    5s. 

Modem  Explorers.  By  Thomas 
Frost.    Illustrated.    5s. 


Home  Chat. 

Sundav    Chats    with    Our    YotmC 

Folks. 
Peeps  Abroad  for  Polks  at  Home* 
Around  and  About  Old  England. 


Little  Folks'  Picture  Album-    With 

i63  Larg;  Pictures.     5s. 
Little  Folks'  Picture  Gallery.  With 

i^-  Ii:u;tr?.t; :  n?      5s. 
The  "Old  Fairy  Tales.    With  Original 

Illustrations.       Boards,     Is.;     cioth. 

Is.  ed. 
My  Diary.     With  12  Coloured  Flates 

and  366  Woodcuti.    Is. 


Famous  Sailors  of  Former  7?ime8« 

By  Clements  Markham.     Illustratedi 

2s.  6d. 
Wild  Adventures  in  Wild  Places. 

By  Dr.  Gordon  Stables,  M.D.,  R.N. 

Illustrated.    5s. 
Jungle,  Peak,  and   Plain.     By  Dr, 

Gordon    Stables,   R.N.      IHastrated. 

6s. 


CASSELL   4-  COMPANY,  LimiUd,  London ;  Pans,  New  York 
and  Melbourne 
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